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SUMMARY 
A computer program, llGEMPAK,ll h a s  been developed t o  a i d  i n  t h e  genera-  
t i o n  o f  d e t a i l e d  c o n f i g u r a t i o n  geometry.  The program w a s  w r i t t e n  t o  a l l o w  t h e  
u se r  as much f l e x i b i l i t y  as p o s s i b l e  i n  h i s  c h o i c e s  o f  c o n f i g u r a t i o n s  and t h e  
d e t a i l  o f  d e s c r i p t i o n  d e s i r e d  and a t  t h e  same time keep i n p u t  r equ i r emen t s  and 
program tu rna round  and c o s t  t o  a minimum. The program c o n s i s t s  o f  r o u t i n e s  
t h a t  g e n e r a t e  fuselage and p l a n a r - s u r f a c e  ( w i n g l i k e )  geometry and a r o u t i n e  
t h a t  w i l l  de te rmine  t h e  t r u e  i n t e r s e c t i o n  o f  a l l  components w i t h  t h e  f u s e l a g e .  
T h i s  paper  d e s c r i b e s  t h e  methods by which t h e  v a r i o u s  g e o m e t r i e s  are g e n e r a t e d  
and p r o v i d e s  i n p u t  d e s c r i p t i o n  w i t h  sample i n p u t  and o u t p u t .  Also i nc luded  are 
d e s c r i p t i o n s  o f  t h e  pr imary program v a r i a b l e s  and f u n c t i o n s  performed by t h e  
v a r i o u s  r o u t i n e s .  The FORTRAN program GEMPAK h a s  been used e x t e n s i v e l y  on t h e  
C o n t r o l  Data Corpora t ion  6000 series computers  i n  c o n j u n c t i o n  w i t h  i n t e r f a c e s  
t o  s e v e r a l  aerodynamic and p l o t t i n g  computer programs and h a s  proven to be a n  
e f f e c t i v e  a i d  i n  t h e  p r e l i m i n a r y  d e s i g n  phase o f  a i rcraf t  c o n f i g u r a t i o n s .  
INTRODUCTION 
-I__ 
The computer h a s  become i n d i s p e n s a b l e  as a t o o l  t o  t h e  a e r o n a u t i c a l  
r e s e a r c h e r  engaged i n  d e s i g n ,  a n a l y s i s ,  and expe r imen ta l  work. Programs o f  
va ry ing  l e v e l s  o f  s o p h i s t i c a t i o n  have been w r i t t e n  t o  exped i t e  t h e  s tudy  of 
every  f i e l d  of  technology.  As t h e  r e s e a r c h e r  examines t h e  a v a i l a b l e  computer 
programs i n  h i s  f i e l d  o f  i n t e r e s t ,  he f i n d s  t h e  d e t a i l  and amount o f  i n p u t  
i n fo rma t ion  t h a t  he must p rov ide  u s u a l l y  depends upon t h e  dep th  o f  a n a l y s i s  he 
desires and t h e  scope  o f  a p p l i c a t i o n  o f  t h e  program. T h i s  is  p a r t i c u l a r l y  t r u e  
o f  geometry d e f i n i t i o n .  Sketchy c o n f i g u r a t i o n  d e f i n i t i o n s  and approximate  s o l u -  
t i o n s  are o f t e n  s u f f i c i e n t  for p a r a m e t r i c  s t u d i e s .  But ,  a s  t h e  f i e l d  o f  s tudy  
narrows and more a c c u r a t e  r e su l t s  are d e s i r e d ,  t h e  problem o f  supp ly ing  a more 
de t a i l ed  geometry i n p u t  d e f i n i t i o n  becomes very  t i m e  consuming and t h e  element  
o f  human e r r o r  becomes a p r ime  f a c t o r  i n  program turnaround and c o s t .  
G e n e r a l l y ,  c o n f i g u r a t i o n  a n a l y s e s  r e q u i r e  t h e  use o f  more than  one computer 
program. Th i s  t e n d s  t o  compound t h e  geometry i n p u t  problem, f o r  a l though  much 
of  t h e  in fo rma t ion  r e q u i r e d  by each  o f  t h e  programs is t h e  same, t h e  amount and 
l o c a t i o n  o f  d e t a i l  may va ry .  For example,  a the rma l  a n a l y s i s  o f  a c o n f i g u r a t i o n  
would r e q u i r e  a g r e a t e r  deg ree  o f  d e t a i l ,  e s p e c i a l l y  i n  areas o f  h igh  h e a t  
stress, than  would a f o r c e  a n a l y s i s  o f  t h e  same c o n f i g u r a t i o n  i n  o r d e r  t o  o b t a i n  
r e s u l t s  a t  t h e  same l e v e l  o f  r e l i a b i l i t y .  I n  a d d i t i o n  t o  having  t o  r e d e f i n e  ./ 
t h e  c o n f i g u r a t i o n  geometry a c c o r d i n g  t o  t h e  p r i o r i t y  o f  each  program, t h e  u s e r  
is  c a l l e d  upon t o  r e p e a t  t h i s  p r o c e s s  f o r  any p e r t u r b a t i o n  o f  h i s  v e h i c l e .  I n  
t h e  p r e l i m i n a r y  des ign  phase o f  a c o n f i g u r a t i o n ,  s u b t l e  changes i n  t h e  conf igu-  
r a t i o n  can r e q u i r e  gross i n p u t  m o d i f i c a t i o n s .  
The main o b j e c t i v e  o f  t h i s  pape r  was t o  deve lop  a system t h a t  would 
( 1 )  prov ide  r a p i d  turnaround from drawing board t o  d e t a i l e d  a i r c r a f t  geometry 
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d e f i n i t i o n ,  ( 2 )  o f f e r  a wide c h o i c e  o f  c o n f i g u r a t i o n  t y p e s  and d e g r e e  o f  d e t a i l ,  
and (3) a l l o w  geometry t o  be mod i f i ed  q u i c k l y  and e a s i l y .  
O u t  o f  t h i s  c o n c e p t  h a s  evolved t h e  FORTRAN computer program IfGEMPAK," 
c o n s i s t i n g  of r o u t i n e s  t h a t  g e n e r a t e  geometry f o r  f u s e l a g e ,  w ings ,  c a n a r d s ,  
h o r i z o n t a l  t a i l s ,  f i n s ,  and e l e v o n s .  
and a t y p i c a l  c o n f i g u r a t i o n  o f  good d e t a i l  r e q u i r e s  a runn ing  time o f  2010 sec- 
onds  on a C o n t r o l  Data 6000 Ser ies  Computer. 
i n  t h e  p r e l i m i n a r y  d e s i g n  phase of t h e  N a t i o n a l  Hypersonic  F l i g h t  Research 
F a c i l i t y  (NHFRF) ( h y p e r s o n i c  r e s e a r c h  a i r p l a n e ,  f o r m e r l y  t h e  X-24C), refer- 
e n c e s  1 and 2 ,  and h a s  proved e f f e c t i v e  i n  g r e a t l y  r e d u c i n g  t h e  e f f o r t  i n  
geometry d e f i n i t i o n .  
The program e x e c u t e s  a t  650008 s t o r a g e  
GEMPAK h a s  been used e x t e n s i v e l y  
I n  appendix A ,  a summary o f  t h e  program r o u t i n e s  and t h e i r  f u n c t i o n s  i s  
p r e s e n t e d .  The major  program v a r i a b l e  d e s c r i p t i o n s  are g i v e n  i n  appendix B. 
Appendix C p r e s e n t s  i n p u t s  and o u t p u t s  f o r  sample cases.  
DESCRIPTION ~~ OF COMPUTER PROGRAM "GEMPAK" 
The computer program GMPAK c o n s i s t s  o f  t h r e e  major p a r t s :  t h e  f u s e l a g e  
g e n e r a t o r ,  t h e  g e n e r a t o r  f o r  p l a n a r  s u r f a c e s ,  and t h e  module f o r  i n t e g r a t i n g  
t h e  c o n f i g u r a t i o n  components w i t h  t h e  f u s e l a g e .  The program l o g i c  f low is  
i l l u s t r a t e d  i n  f i g u r e  1 .  The geometry r o u t i n e s  o f  GEMPAK g e n e r a t e  t h e  geome- 
tries s p e c i f i e d  by t h e  u s e r  and s t o r e  t h e  r e s u l t i n g  c o o r d i n a t e s  i n  t h e i r  r e spec -  
t i v e  component a r r a y s .  The c o n f i g u r a t i o n  may be in t e rna l1 .y  d e f i n e d  by t h e  p rc -  
gram w i t h  ve ry  l i t t l e  i n p u t  i n f o r m a t i o n  or  t h e  u s e r  may i n p u t  a po in t -by -po in t  
d e s c r i p t i o n  o f  a component o f  a r b i t r a r y  geometry.  Each component is  i n p u t  and 
g e n e r a t e d  i n d e p e n d e n t l y ;  t h u s ,  t h e  u s e r  is  a b l e  t o  make i s o l a t e d  changes more 
r e a d i l y .  The program w i l l  scale t h e  r e s u l t i n g  g e o m e t r i e s  f o r  c o m p a t i b i l i t y  and 
w i l l  merge t h e  components i n t o  an i n t e g r a t e d  c o n f i g u r a t i o n .  
The f u s e l a g e  can be d e f i n e d  ana ly t i ca1 l .y  by t h r e e  t o  e l e v e n  l o f t i n g  c u r v e s .  
These c u r v e s  may be c o n t i n u o u s  or  d i s c o n t i n u o u s  and t h e  u s e r  need i n p u t  o n l y  
t h e  minimum number o f  p o i n t s  t h a t  can be f i t t e d  w i t h  c o n i c  s e c t i o n s  for a good 
r e p r o d u c t i o n  o f  h i s  c o n f i g u r a t i o n .  The number o f  c r o s s  s e c t i o n s  and p o i n t s  p e r  
c r o s s  s e c t i o n  can e a s i l y  be  c o n t r o l l e d  o r  a l t e r e d  i n  t h i s  i n p u t  mode. Cross- 
s e c t i o n  and po in t -by -po in t  i n p u t  o p t i o n s  are  a l s o  p rov ided  which y i e l d  a lesser  
d e g r e e  o f  subsequen t  c o n t r o l  o v e r  t h e  fuselage geometry.  
The wing, c a n a r d ,  h o r i z o n t a l  t a i l ,  f i n ,  and e l e v o n  a re  a l l  g e n e r a t e d  by 
a s i n g l e  t.ype o f  c a l c u l a t i o n .  A one- o r  two-panel. sur face  can be g e n e r a t e d  
w i t h  b a s i c  i n p u t  p a r a m e t e r s  such as  a s p e c t  r a t i o ,  t a p e r  r a t i o ,  and sweep a n g l e s .  
A s l a b - s i d e d  a i r f o i l  o r  a c i rcular-arc  a i r f o i l  can be i n p u t  w i t h  a minimum o f  
i n p u t  or  an a r b i t r a r y  a i r f o i l  may be i n p u t  w i t h  a point-by-point  d e s c r i p t i o n .  
Changes i n  d i h e d r a l ,  t w i s t ,  c o o r d i n a t e  t r a n s l a t i o n ,  a n g l e  o f  a t t a c k ,  and roll 
a n g l e  are program o p t i o n s  a v a i l a b l e  t o  t h e  u s e r .  
The ease w i t h  which GEMPAK can be used and t h e  wide r ange  o f  c o n f i g u r a t i o n  
t y p e s  t o  which i t  may be a p p l i e d  have proven it  t o  be an e f f e c t i v e  t o o l  i n  eng i -  
n e e r i n g  d e s i g n .  F i g u r e  2 i l l u s t r a t e s  scme c o n f i g u r a t i o n s  g e n e r a t e d  by GEMPAK.  
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The remainder  of t h i s  t e x t  w i l l  c o n c e n t r a t e  on a more d e t a i l e d  d e s c r i p t i o n  
o f  t h e  computer program, GEMPAK, its r o u t i n e s ,  c a p a b i l i t i e s ,  and u s e .  
FUSELAGE GEOMETRY GENERATION 
Formu l a t i o n  
The in fo rma t ion  a b o u t  t h e  f u s e l a g e  geometry o f  a g i v e n  c o n f i g u r a t i o n  may 
become a v a i l a b l e  t o  t h e  a n a l y s i s  i n  a v a r i e t y  o f  forms. Drawings o r  s k e t c h e s  
showing p lanforms,  p r o f i l e s ,  o r  area d i s t r i b u t i o n s  ( w i t h  o r  wi thou t  c r o s s -  
s e c t i o n  d e f i n i t i o n s )  are t h e  u s u a l  forms of i n i t i a l  d a t a .  I n  some cases tabu- 
l a t e d  d a t a  may b e  the  most r e a d i l y  a v a i l a b l e  form. The f u s e l a g e  geometry scheme 
d e s c r i b e d  h e r e  was developed t o  accommodate i n p u t  d a t a  from each  o f  these forms. 
Three b a s i c  modes t o  i n p u t  c o n t r o l l i n g  data were fo rmula t ed  f o r  v e r s a t i l i t y  and 
u s e r  ease. These i n p u t  modes are denoted  as  
( 1  Complete l o f t i n g  o r  a n a l y t i c  modeling 
( 2 )  Cross-sec t ion  l o f t i n g  
( 3 )  P o i n t  by p o i n t  
The degree o f  user c o n t r o l  o f  t h e  basic numerical  model depends on t h e  i n p u t  
mode u t i l i z e d .  I n p u t  mode 1 (comple te  l o f t i n g )  was developed t o  g e n e r a t e  a 
comple te ly  a n a l y t i c  numer ica l  model from a minimum o f  l o n g i t u d i n a l  and c r o s s -  
s e c t i o n a l  i n p u t  d a t a .  The t o t a l  number o f  p o i n t s ,  c r o s s - s e c t i o n  l o c a t i o n s ,  
and p o i n t  d i s t r i b u t i o n  are  e a s i l y  v a r i e d  by very  s i m p l e  i n p u t  m o d i f i c a t i o n s .  
I n p u t  mode 2 ( c r o s s - s e c t i o n  l o f t i n g )  i s  s t r u c t u r e d  around l o f t i n g  d a t a  i n p u t  
f o r  d i s c r e t e  p r e s c r i b e d  c r o s s - s e c t i o n  l o c a t i o n s .  The numer ica l  model is n o t  
a n a l y t i c  i n  t h e  l o n g i t u d i n a l  d i r e c t i o n  and subsequent  c o n t r o l  o f  t h e  numer ica l  
model i s  l i m i t e d  t o  t h e  i n i t i a l  s e t  o f  c r o s s - s e c t i o n  i n p u t .  However, t h e  num- 
b e r  o f  p o i n t s  p e r  c r o s s  s e c t i o n  and t h e i r  d i s t r i b u t i o n  can s t i l l  b e  c o n t r o l l e d  
by s imple  i n p u t s .  I n p u t  mode 3 ( p o i n t - b y - p o i n t )  r e q u i r e s  a l l  s u r f a c e  p o i n t s  
t o  b e  i n p u t  a t  d i sc re t e  l o n g i t u d i n a l  l o c a t i o n s .  The r e s u l t i n g  numer ica l  model 
i s  comple t e ly  n o n a n a l y t i c .  No i n t e r p o l a t i o n  r o u t i n e s  a re  provided  i n  e i t h e r  
t h e  l o n g i t u d i n a l  o r  c r o s s - s e c t i o n a l  d i r e c t i o n s  so t h a t  t h e  i n i t i a l  i n p u t  must 
c o n t a i n  a l l  t h e  u s e r - d e s i r e d  c r o s s  s e c t i o n s  and t h e i r  p o i n t  d i s t r i b u t i o n .  The 
amount of i n p u t  is u s u a l l y  t h e  l eas t  f o r  i n p u t  mode 1 and t h e  g r e a t e s t  f o r  i n p u t  
mode 3. Symmetry a b o u t  t h e  XZ or l o n g i t u d i n a l - v e r t i c a l  p l a n e  h a s  been assumed 
s o  t h a t  o n l y  h a l f  o f  t h e  f u s e l a g e  i s  r e q u i r e d  a s  i n p u t  i n  a l l  t h r e e  modes. The 
f o l l o w i n g  s e c t i o n  c o n t a i n s  a d i s c u s s i o n  o f  t h e  a n a l y t i c  methods employed t o  con- 
t r o l  t h e  numer ica l  model o f  t h e  f u s e l a g e  geometry.  
A n a l y t i c  Curve D e f i n i t i o n  
All l o n g i t u d i n a l  and c r o s s - s e c t i o n a l  c u r v e s  used i n  i n p u t  modes 1 and 2 
are formed by a c h a i n  of second-degree c u r v e  segments.  The three-d imens iona l  
s p a c e  c u r v e s  d e s c r i b i n g  t h e  o u t e r  mold l i n e  of the  f u s e l a g e  are d e f i n e d  by t h e i r  
p r o j e c t i o n s  i n t o  t h e  c o o r d i n a t e  p l a n e s .  All c r o s s  s e c t i o n s  are  taken  perpen- 
d i c u l a r  to  t h e  l o n g i t u d i n a l  a x i s .  The r e f e r e n c e  or i n p u t  c o o r d i n a t e  a x e s  is a 
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r ight-handed system made up o f  t h e  l o n g i t u d i n a l  o r  X-axis d e f i n e d  as p o s i t i v e  
from nose t o  t a i l ;  t h e  la teral  o r  Y-axis d e f i n e d  as p o s i t i v e  from t h e  f u s e l a g e  
c e n t e r  l i n e  o u t b o a r d ,  and t h e  v e r t i c a l  o r  Z-axis d e f i n e d  as p o s i t i v e  upward. 
The l o n g i t u d i n a l  c u r v e  segments  i n  t h i s  c o o r d i n a t e  system are r e p r e s e n t e d  by 
two g e n e r a l  second-degree e q u a t i o n s  
and 
The c r o s s - s e c t i o n a l  c u r v e  segments are r e p r e s e n t e d  by t h e  s i n g l e  g e n e r a l  second- 
degree e q u a t i o n  
A3y2 + B3yz + C3z2 + D3y + E32 + F3 = 0 ( 3 )  
It is  assumed t h a t  t h e  b a s i c  i n f o r m a t i o n  a v a i l a b l e  t o  de t e rmine  t h e  c o e f f i c i e n t s  
f o r  each segment c o n t a i n s  t h e  end p o i n t s  and t h e i r  s l o p e s  as  i l l u s t r a t e d  f o r  
t h e  XY p r o j e c t i o n  p l a n e  i n  f i g u r e  3. These f o u r  p i e c e s  of  i n f o r m a t i o n  are  n o t  
s u f f i c i e n t  t o  de t e rmine  t h e  s i x  c o e f f i c i e n t s  ( A ,  B ,  C ,  D ,  E ,  and F )  o f  
e q u a t i o n s  ( 1 )  t o  ( 3 ) .  I n  t h e  r e f e r e n c e  c o o r d i n a t e s ,  however, a r o t a t i o n  and 
t r a n s l a t i o n  o f  t h e  c o o r d i n a t e s  can be  employed t o  r educe  t h e  number of  r e q u i r e d  
c o e f f i c i e n t s .  The u s u a l  a n g l e  o f  r o t a t i o n  employed t o  e l i m i n a t e  t h e  B c o e f f i -  
c i e n t  is  d e f i n e d  by 
A - C  
B 
c o t  2$ = - (4) 
where A ,  B ,  and C are t h e  second-degree term c o e f f i c i e n t s  and $ i s  t h e  
a n g l e  o f  r o t a t i o n .  A s u i t a b l e  t r a n s l a t i o n  can t h e n  be used t o  de t e rmine  one 
of t h e  o t h e r  f i v e  c o e f f i c i e n t s  i f  t h e  t y p e  o f  c o n i c  s e c t i o n  t o  be f i t t e d  i s  
known a p r i o r i .  T h i s  r e q u i r e d  foreknowledge o f  t y p e  of  c o n i c  f o r  each  segment 
( b o t h  l o n g i t u d i n a l l y  and i n  c r o s s  s e c t i o n )  d i d  n o t  seem c o n s i s t e n t  w i t h  t h e  
o v e r a l l  purpose o f  t h e  geometry package which is t o  p r o v i d e  r a p i d  and s i m p l e  
i n p u t  c a p a b i l i t y .  The r equ i r emen t  o f  p r i o r  knowledge o f  c o n i c  s e c t i o n  cou ld  
be r e l i e v e d  by s u p p l y i n g  an a d d i t i o n a l  p i e c e  of c u r v e  i n f o r m a t i o n  such  as a n  
i n t e r m e d i a t e  s e t  o f  segment c o o r d i n a t e s  between t h e  end p o i n t s .  Again,  t h i s  
a d d i t i o n a l  i n p u t  was n o t  desirable .  The approach h e r e  was t o  assume a l l  curved 
segments t o  be s e c t i o n s  o f  an e l l i p s e .  Within t h i s  l i m i t a t i o n ,  t h e  r o t a t i o n  
a n g l e  was altered from t h a t  shown i n  e q u a t i o n  (4) t o  a more conven ien t  form 
which is  determined i n  t h e  f o l l o w i n g  manner. Two s t r a i g h t  l i n e s  are de te rmined ,  
each of which c o n t a i n s  one of t h e  end p o i n t s  and i t s  r e s p e c t i v e  s l o p e .  If  t h e  
two s l o p e s  are n o t  p a r a l l e l ,  t h e  i n t e r s e c t i o n  o f  t h e s e  s t r a i g h t  l i n e s  i s  d e t e r -  
mined and denoted as t h e  s l o p e  c o n t r o l  p o i n t  a t  e a c h  end p o i n t  ( f i g .  4). The 
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d i s t a n c e s  d13 and d23 between t h i s  s l o p e  c o n t r o l  p o i n t  and each end p o i n t  
o f  t h e  segment are c a l c u l a t e d .  The r o t a t i o n  a n g l e  is chosen so  t h a t  t h e  
a b s c i s s a  o f  t h e  r o t a t e d  c o o r d i n a t e s  x' and y '  is p a r a l l e l  t o  t h e  s t r a i g h t  
l i n e  c o n t a i n i n g  t h e  l o n g e s t  s t r a i g h t - l i n e  segment ( f i g .  5 ) .  A t r a n s l a t i o n  i s  
t h e n  performed t o  p l a c e  t h e  o r i g i n  c o i n c i d e n t  w i t h  t h e  segment end p o i n t  con- 
t a i n e d  i n  t h e  longest o f  t h e  s t r a i g h t - l i n e  segments d13 and d23. The new 
c o o r d i n a t e  a x e s  are deno ted  by XI' and Yrl  i n  f i g u r e  5. If t h e  s l o p e s  a t  t h e  
end p o i n t s  are nonor thogona l ,  t h e  e q u a t i o n  o f  t h e  e l l i p t i c a l  segment i n  t r a n s -  
formed c o o r d i n a t e s  becomes 
The c o o r d i n a t e s  a t  t h e  end p o i n t  and t h e  s l o p e  o f  t h e  s h o r t e s t  s i d e  are used 
t o  s o l v e  f o r  t h e  t h r e e  unknown c o e f f i c i e n t s  C ,  E ,  and F .  I f  t h e  s l o p e s  a t  
t h e  end p o i n t s  are o r t h o g o n a l ,  t h e  o r i g i n  o f  t h e  o r d i n a t e  a x i s  (Y" i n  t h i s  
case) is  t r a n s l a t e d  t o  become c o i n c i d e n t  w i t h  t h e  o r d i n a t e  of  t h e  end p o i n t  
n e a r e s t  t h e  s l o p e  c o n t r o l  p o i n t .  The e q u a t i o n  f o r  t h e  e l l i p t i c a l  segment i n  
t h e s e  c o o r d i n a t e s  (x"' and y"' ) becomes 
- -  
- - 
The two unknown c o e f f i c i e n t s  C and F are t h e n  determined from t h e  segment 
end p o i n t s .  The forms o f  e q u a t i o n s  ( 5 )  and ( 6 )  are p a r t i c u l a r l y  u s e f u l  i n  
c o n s t r u c t i n g  c r o s s - s e c t i o n a l  segments s i n c e  t h e  o r d i n a t e s  are  always s i n g l e -  
va lued  and i n t e r m e d i a t e  v a l u e s  a l o n g  t h e  segment can be e a s i l y  de t e rmined .  
I f  t h e  s l o p e s  o f  t h e  segment end p o i n t s  are  p a r a l l e l  and a s t r a i g h t  l i n e  
w i l l  c o n t a i n  bo th  end p o i n t s  and end s l o p e s ,  two p o s s i b i l i t i e s  occur  which can- 
n o t  be f i t t e d  i n  t h i s  manner ( f i g .  6 ) .  I f  t h e  two s l o p e s  are  p a r a l l e l  t o  each 
o t h e r  and p e r p e n d i c u l a r  t o  t h e  s t r a i g h t  l i n e  formed by  t h e  two.end p o i n t s ,  t h e  
e n t i r e  f a m i l y  o f  e l l i p s e s  matches t h e  i n p u t  d a t a .  T h e r e f o r e ,  t h e  t o t a l  meridio-  
n a l  a n g l e  subtended by t h e  e l l i p t i c a l  segments must a lways be l ess  t h a n  1800. 
If t h e  two s l o p e s  are p a r a l l e l  t o  each o t h e r  and a re  n o t  p e r p e n d i c u l a r  t o  t h e  
s t r a i g h t  l i n e  c o n n e c t i n g  t h e  end p o i n t s ,  t h e  s i n g l e  c u r v e  which matches b o t h  
t h e  s l o p e  and end-point  c o n d i t i o n s  c o n t a i n s  an i n f l e c t i o n  and cannot  be f i t t e d  
w i t h  a second-degree c u r v e  segment.  If e i t h e r  o f  t h e  two c o n d i t i o n s  l i s t e d  i s  
encoun te red  i n  t h e  f o r m u l a t i o n  d e s c r i b e d  h e r e ,  a n  e r r o r  message i s  p r i n t e d  and 
t h e  c a l c u l a t i o n  is  con t inued  by c r e a t i n g  a s t r a i g h t - l i n e  segment between t h e  
end p o i n t s .  T h i s  d e f a u l t  o p t i o n ,  which i s  t h e  c o r r e c t  s o l u t i o n  i n  f i g u r e  6 ( c ) ,  
was i n c o r p o r a t e d  s o  t h a t  t h e  r ema in ing  geometry cou ld  be viewed f o r  e r r o r s  as  
e a r l y  as p o s s i b l e .  
A u x i l i a r y  F u s e l a g e  Geometry 
Since t h e  b a s i c  pu rpose  f o r  d e v e l o p i n g  t h i s  geometry package w a s  f o r  u s e  
as an aerodynamic d e s i g n  t o o l ,  s e v e r a l  geomet r i c  c a l c u l a t i o n s  most o f t e n  
r e q u i r e d  i n  t h e  d e s i g n  p r o c e s s  have been i n c o r p o r a t e d  d i r e c t l y  i n t o  t h e  b a s i c  
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numer ica l  model d e f i n i t i o n  f o r  convenience.  The b a s i c  f o r m u l a t i o n  creates a n  
e q u a l  number o f  p o i n t s  p e r  cross s e c t i o n .  T h i s  c h a r a c t e r i s t i c  r e s u l t s  i n  a 
q u a d r i l a t e r a l  f o r  t h e  p r imary  s u r f a c e  e l emen t s .  T h e r e f o r e ,  t h e  method d e s c r i b e d  
by Arvel  E .  Gentry i n  r e f e r e n c e  3 f o r  t r e a t i n g  i r r e g u l a r  s u r f a c e  q u a d r i l a t e r a l s  
h a s  been i n c o r p o r a t e d  i n t o  t h i s  f o r m u l a t i o n  t o  w o v i d e  s u r f a c e  normals ,  areas, 
c e n t r o i d s  of  e l e m e n t s ,  and f u s e l a g e  volumes. A d d i t i o n a l  c a p a b i l i t y  h a s  been 
added h e r e  t o  i n c l u d e  c r o s s - s e c t i o n a l  areas, c o o r d i n a t e s  o f  t h e  maximum span  
(p l an fo rm)  p o i n t  a t  each c r o s s  s e c t i o n ,  and e f f e c t i v e  f i n e n e s s  r a t i o  o f  t h e  
f u s e l a g e .  The l o n g i t u d i n a l  and v e r t i c a l  c e n t e r s  of volume are a l s o  c a l c u l a t e d  
f o r  u s e  i n  t h e  i n i t i a l  estimates o f  f u s e l a g e  c e n t e r  o f  g r a v i t y .  
An a d d i t i o n a l  h i g h l y  s p e c i a l i z e d  c a p a b i l i t y  related t o  fuselage-mounted 
propul.sion systems h a s  a l s o  been i n c o r p o r a t e d  i n t o  t h e  f u s e l a g e  geometry pack- 
age. The scramjet p r o p u l s i o n  sys t ems  proposed f o r  h y p e r s o n i c  a i r - b r e a t h i n g  air-  
c r a f t  are h i g h l y  i n t e g r a t e d  w i t h  t h e  aerodynamic s u r f a c e s  t o  enhance p r o p u l s i o n  
system performance ( r e f .  4 ) .  The bookkeeping between a e r o  and p r o p u l s i o n  f o r c e s  
t e n d s  t o  become a d i f f i c u l t  c h o r e  f o r  subsequen t  c a l c u l a t i o n  under  t h e s e  condi-  
t i o n s .  To f a c i l i t a t e  t h e  bookkeeping p r o c e s s ,  t h o s e  p o r t i o n s  o f  t h e  fuselage 
subtended by t h e  e n g i n e  and /o r  e x h a u s t  plume are i d e n t i f i e d  and s u p p l i e d  as a 
s e p a r a t e  aerodynamic s u r f a c e .  The method used t o  g e n e r a t e  t h i s  s u r f a c e  r e q u i r e s  
d e f i n i n g  t h e  planform o f  t h e  p r o p u l s i o n  system a n d / o r  i t s  e x h a u s t  plume by t h e  
same l o n g i t u d i n a l  l o f t i n g  t e c h n i q u e s  employed f o r  t h e  b a s i c  f u s e l a g e .  T h i s  
planform ( r e p r e s e n t e d  by t h e  shaded area i n  f i g .  7 )  i s  p r o j e c t e d  o n t o  t h e  
a l r e a d y  formed f u s e l a g e  t o  ex t rac t  t h e  th ree -d imens iona l  s u r f a c e  t h a t  i s  common 
t o  both t h e  aerodynamic v e h i c l e  and t h e  p r o p u l s i o n  sys t em.  The runn ing  l e n g t h s  
a l o n g  t h e  f u s e l a g e  s u r f a c e  ahead o f  t h i s  new geometry are a l s o  c a l c u l a t e d  t o  
make a p p r o p r i a t e  s k i n - f r i c t i o n  c o r r e c t i o n s .  
PLANAR-SURFACE GEOMETRY GENERATION (WINGS, T A I L S ,  E T C . )  
The p l a n a r - s u r f a c e  g e n e r a t i o n  r o u t i n e  w i l l  compute, from s imple  i n p u t ,  
w i n g l i k e  s u r f a c e s  o f  v a r y i n g  degrees o f  complexi ty .  
oped f i r s t  and t h e n  a i r f o i l  s e c t i o n s  s e l e c t e d .  T h i s  b a s i c  wing may t h e n  have 
f l a p  surfaces d e l i n e a t e d  and d e f l e c t e d  and /o r  t w i s t e d ,  t r a n s l a t e d ,  and r o t a t e d  
t o  any d e s i r e d  p o s i t i o n .  The end product  of  t h e  program i s  a set  o f  geomet r i c  
p o i n t s  d e s c r i b i n g  t h e  wing s u r f a c e  i n  d e t a i l .  T h i s  s e t  of  c o o r d i n a t e s  i s  loaded 
i n t o  one of  f o u r  u s e r - s e l e c t e d  a r r a y s  i d e n t i f i e d  as e i t h e r  a wing, c a n a r d ,  h o r i -  
z o n t a l  t a i l ,  or  f i n .  
The wing planform i s  deve l -  
The p l a n a r - s u r f a c e  package is o rgan ized  i n  a modular ized s t ep -by- s t ep  f a s h -  
i o n  as i l l u s t r a t e d  i n  f i g u r e  8. 
By keep ing  i n  mind t h i s  l o g i c a l  o r d e r ,  i t  shou ld  be r e l a t i v e l y  e a s y  t o  v i s u a l i z e  
how i n p u t  a t  one stage o f  t h e  program w i l l  be mod i f i ed  by i n p u t  a t  a l a t e r  stage. 
I n  g e n e r a l ,  o n l y  a small p o r t i o n  of  t h e  i n p u t  i s  r e q u i r e d  f o r  any s i n g l e  case, 
and e x t e n s i v e  d e f a u l t  o p t i o n s  a l l o w  t h e  u s e r  t o  s k i p  n o n a p p l i c a b l e  areas. I n p u t  
v a l u e s  are checked a t  t h e  beg inn ing  of  t h e  program t o  e l i m i n a t e  any obv ious  
i n c o n s i s t e n c i e s .  I n  t h e  case o f  an i n p u t  c o n f l i c t ,  t h e  program w i l l  se lec t  a 
v a l u e ,  p r i n t  a warning message, and a t t e m p t  t o  c o n t i n u e .  
User i n p u t  a l s o  f o l l o w s  t h e  same l o g i c  f low.  
Two basic  methods o f  i n p u t t i n g  a wing s u r f a c e  can be used.  F i r s t ,  a n  au to -  
matic p rocedure  i n  which a one- o r  two-panel wing can be c o n s t r u c t e d  w i t h  such  
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b a s i c  parameters a s  a s p e c t  r a t i o ,  t a p e r  r a t i o ,  and sweep a n g l e s  ( f i g .  8). Three 
a i r f o i l  o p t i o n s  are a v a i l a b l e  f o r  t h i s  au tomat i c  procedure .  A second i n p u t  
method r e q u i r e s  a d e t a i l e d  hand i n p u t  o f  eve ry  chord s u r f a c e .  Such an i n p u t  
would be needed i f  a i r f o i l  s e c t i o n s  were n o t  similar between chords  or i f  l ead -  
i n g  or t r a i l i n g  edges  are curved i n  planform. Once t h e  b a s i c  wing h a s  been 
i n p u t  by e i t h e r  of t h e s e  methods,  it can be manipula ted  by subsequent  wing 
o p t i o n s  ( f i g .  8 ) .  
The remainder  o f  t h i s  s e c t i o n  w i l l  be devoted t o  a d e t a i l e d  d i s c u s s i o n  of 
t h e  v a r i o u s  i n p u t  and m a n i p u l a t i v e  o p t i o n s  a v a i l a b l e  t o  t h e  u s e r .  
Automatic P lanar -Surface  Option 
Th i s  o p t i o n  i s  des igned  f o r  t h e  u s e r  who wishes  t o  c h a r a c t e r i z e  a wing 
type  w i t h  b a s i c  pa rame te r s  such as a s p e c t  r a t i o ,  taper r a t i o ,  and sweep a n g l e s .  
The c o o r d i n a t e  system and s u r f a c e  p l an  pa rame te r s  are shown i n  f i g u r e  9 .  With 
r e f e r e n c e  t o  t h i s  f i g u r e  t h e  p l a n  area can be s p e c i f i e d  by i n p u t t i n g  wing area 
and aspect r a t i o .  The r o o t -  and t i p -chord  l e n g t h s  are c a l c u l a t e d  by t h e  pro- 
gram. A l t e r n a t e l y ,  t h e  r o o t  chord and t a p e r  r a t i o  can be s p e c i f i e d .  
S lab-s ided  a i r f o i l . -  Many s u p e r s o n i c  and hype r son ic  a i r c r a f t  wing s e c t i o n s  
feature wedge, diamond, and t r a p e z o i d a l  shaped a i r f o i l s  of  t y p e s  shown i n  f ig-  
u r e  I O .  These s e c t i o n s  can be i n p u t  e a s i l y  w i t h  t h i s  o p t i o n  and a u t o m a t i c a l l y  
a d j u s t e d  f o r  v a r i a b l e  spanwise camber and t h i c k n e s s  d i s t r i b u t i o n .  I n  o r d e r  n o t  
t o  l o s e  geometr ic  d e f i n i t i o n ,  t h e  program w i l l  l o c a t e  a s p a n l i n e  a t  each  a i r f o i l  
b r e a k p o i n t .  
Leading-edge r a d i i  may be e a s i l y  i n c o r p o r a t e d  i n t o  t h e  s l a b - s i d e d  a i r f o i l  
by means o f  a leading-edge  o p t i o n .  Leading-edge r a d i u s  (R) may be s p e c i f i e d  
as  a c o n s t a n t  o r  i t  may be s p e c i f i e d  p r o p o r t i o n a l  t o  chord l e n g t h .  With refer- 
ence t o  f i g u r e s  10 and 1 1 ,  t h e  leading-edge s u r f a c e  is  descr ibed  by t h e  fo l low-  
i n g  e q u a t i o n s :  
X R( l  - COS 6 )  
OM 
N 
6e = - (N is equa l  t o  t h e  largest  i n t e g e r  
f o r  6, 5 22.5O) 
OM is t h e  a n g l e  t o  t h e  leading-edge t a n g e n t  p o i n t  on chord 
= t h e  l a r g e r  o f  OML and OMU 
7 
ow = go. + 8 + a 
OML = 90. - B - 
(Upper s u r f a c e )  
(Lower s u r f a c e )  
TWRD 
J = 1  (Upper s u r f a c e )  
J = -1 (Lower surface) 
TCD, XWDI,  and TWRD are d e f i n e d  i n  f i g u r e  10. 
t h e  l e a d i n g  edge a t  i n c r e m e n t s  no greater t h a n  22.5O. I f  a leading-edge diam- 
eter is c a l c u l a t e d  t o  be larger t h a n  a maximum chord t h i c k n e s s ,  t h e  program w i l l  
a u t o m a t i c a l l y  i n c r e a s e  local wing t h i c k n e s s  r a t i o s  t o  match leading-edge diam- 
e ter .  (See f i g .  11 . )  
P o i n t s  are  c a l c u l a t e d  around 
C i r c u l a r - a r c  a i r f o i l . -  A i r f o i l .  families c o n s i s t i n g  of c i r c u l a r  arcs are 
a l s o  tvpical  o f  s u p e r s o n i c  and hype r son ic  d e s i g n s  ( f i g .  1 2 ) .  A s  w i t h  t h e  s l a b -  - _  
s i d e d  a i r f o i l ,  t h i s  o p t i o n  a l l o w s  t h e  u s e r  t o  s p e c i f y  spanwise camber and t h i c k -  
n e s s  r a t i o  d i s t r i b u t i o n s .  With r e f e r e n c e  t o  f i g u r e  12 ,  t h e  a i r f o i l  s u r f a c e  
e q u a t i o n s  are as f o l l o w s  f o r  a cambered a i r f o i l :  
(&)2 + k]'" - ( A 2  - 0 .25) l / ?  
- 0.25 - (:)2 + :] 1 /2 - (B2 - 0.25)1/2) 
J = 1  (Upper s u r f a c e )  
J = -1 (Lower s u r f a c e )  
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T W R D ~  + I 
A = 0.25( ) 
TWRD 
TCD2 + 0.25 ( TCD B = 0 . 5  
X c o o r d i n a t e ,  o r i g i n  a t  l e a d i n g  edge 
XC,  TWRD, and TCD are d e f i n e d  i n  f i g u r e  12. 
Leading-edge r a d i i  are i n c o r p o r a t e d  i n t o  t h e  c i r c u l a r - a r c  a i r f o i l  i n  a 
manner d i f f e r e n t  from t h a t  used on t h e  s l a b - s i d e d  a i r f o i l s .  With r e f e r e n c e  t o  
f i g u r e  13, t h e  leading-edge r a d i u s  is first f i t t e d  t o  a n  uncambered c i r c u l a r -  
arc a i r f o i l  o f  t h e  p r o p e r  t h i c k n e s s .  A c o n s t a n t  r a d i u s  arc w i t h  a maximum d i s -  
placement a t  t h e  maximum t h i c k n e s s  p o i n t  is  t h e n  c o n s t r u c t e d  as a mean camber 
l i n e .  The c o o r d i n a t e s  o f  t h e  symmetr ical  a i r f o i l  are t h e n  d i s p l a c e d  by a n  
amount e q u a l  t o  t h i s  mean camber l i n e .  The r e s u l t i n g  cambered a i r f o i l  app rox i -  
mates leading-edge g e o m e t r i e s  proposed f o r  hype r son ic  a p p l i c a t i o n s .  The 
leading-edge geometry g e n e r a t i o n  method f o r  a symmet r i ca l  a i r f o i l  i s  as 
f o l l o w s  : 
X = R( l  - COS 6 )  
8 
6 = n+6, ( n  = 1 to N) 
OM 
N f o r  which 6, 6 22.5O) 
6, = - (For N e q u a l  t o  t h e  largest i n t e g e r  
OM = 900 - tan-1 ( , BC TyD) 
R C  - - 
2RC) '2 BC = (L - ?)(- + - - TWRD R TWRD xc 2 
9 
cc = (g  - &) TWRD 
a 
FC = 2(;)2 - 2(;) + 1 
R = Leading-edge r a d i u s  
A r b i t r a r y  a i r f o i l . -  By s p e c i f y i n g  t h e  upper and lower s u r f a c e  c o o r d i n a t e s  
o f  any  a i r f o i l  a s  shown i n  f i g u r e  14 ,  t h e  program w i l l  scale t h e s e  c o o r d i n a t e s  
t o  f i t  a l l  wing chords .  Although upper and lower s u r f a c e  Z v a l u e s  need n o t  
be  i n p u t  i n . p a i r s  a t  s p e c i f i c  X s t a t i o n s ,  t h e  program w i l l  i n t e r p o l a t e  t o  f i n d  
p a i r e d  upper and lower s u r f a c e  Z v a l u e s  a t  s p e c i f i c  X s t a t i o n s .  These X s ta- 
t i o n s  w i l l  b e  averaged from i n p u t  v a l u e s  o r  w i l l  be  spaced e q u a l l y  a l o n g  t h e  
chord depending on u s e r  p r e f e r e n c e .  
The u s e r  may f i n d  t h i s  a conven ien t  program i n p u t  l o c a t i o n  i n  which t o  r e a d  
i n  a i r f o i l  c o o r d i n a t e s  g e n e r a t e d  by an a i r f o i l  geometry g e n e r a t i o n  program such 
as t h o s e  o f  r e f e r e n c e s  5 and 6 .  
Manual P lana r -Sur face  Genera t ion  
For  t h o s e  cases where t h e  a u t o m a t i c  i n p u t  o p t i o n s  are u n s a t i s f a c t o r y ,  a n  
o p t i o n  is provided by which eve ry  chord s u r f a c e  may be  s p e c i f i e d .  F i g u r e  15 
i l l u s t r a t e s  t h e  i n p u t  method. Note t h a t  b o t h  upper  and lower s u r f a c e  p o i n t s  
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must be p a i r e d  t o  l i e  on t h e  same chord s t a t i o n s  f o r  a given a i r f o i l .  Chord- 
wise p o i n t s  can remain w i t h i n  t h e  program as t h e y  were i n p u t ,  o r  t h e y  may be  
e q u a l l y  r e spaced  chordwise,  depending on u s e r  i n p u t .  
Automatic Man ipu la t ions  o f  Generated Planar-Surface Geometry 
Leading-edge geometry en r i chmen t . -  Some aerodynamic programs may r e q u i r e  
greater geometry d e f i n i t i o n  a t  chord l e a d i n g  e d g e s  t h a n  i s  normally g i v e n  by 
t y p i c a l  pane l  p o i n t s .  Accordingly,  a v e r y  d e t a i l e d  set of geometry p o i n t s  are  
c a l c u l a t e d  and s t o r e d  f o r  a t y p i c a l  chord ,  which is chosen as t h a t  chord  which 
l i e s  n e a r e s t  t h e  middle  o f  a s u r f a c e  semispan. T h i r t y  geometry p o i n t s  between 
t h e  0- and 0.1-chord l o c a t i o n s  for b o t h  t h e  upper and lower s u r f a c e s  are  s t o r e d .  
The X c o o r d i n a t e  v a l u e s  ( i n  p e r c e n t a g e  o f  chord l e n g t h s )  are determined through 
t h e  f o l l o w i n g  geomet r i c  p r o g r e s s i o n :  
xx2 xx2 
KN0-l - (-)(K) + (- - 1) = 0 xx 1 xx 1 
w i t h  
NO = 30 
xx1 0.001 
xx2 = 0.1 
and K i s  t h e  geomet r i c  p r o g r e s s i o n  c o n s t a n t .  A s o l u t i o n  f o r  K is o b t a i n e d  
and t h e  f o l l o w i n g  e q u a t i o n  s o l v e d  for leading-edge I t h  + 1 X v a l u e s :  
X(I + 1) + [K( l - l ) ]  (XXI) + X(1) 
Leading-edge v a l u e s  o f  Z a re  l i n e a r l y  i n t e r p o l a t e d  from c a l c u l a t e d  o r  i n p u t  
chord p o i n t s .  
C o n t r o l  s u r f a c e  d e f l e c t i o n s . -  A f l a p  o p t i o n  i s  provided t h a t  a l l o w s  t h e  
u s e r  t o  create a f u l l - s p a n  f l a p  s u r f a c e  on any wing planform and t o  d e f l e c t  t h i s  
f l a p  t o  a g iven  a n g l e .  The o p t i o n  is  also a v a i l a b l e  which a l l o w s  t h e  u s e r  t o  
s t o r e  t h e  newly c r e a t e d  f l a p  i n  a s e p a r a t e  a r r a y .  T h i s  a r r a y  i s  then  a v a i l a b l e  
t o  o t h e r  a p p l i c a t i o n  programs t o  c a l c u l a t e  trimmed aerodynamic c a l c u l a t i o n s .  
The f l a p  s u r f a c e  is d e f i n e d  by s p e c i f y i n g  a l i n e a r  h i n g e  l i n e  ( f i g .  1 6 ( a ) )  
a c r o s s  t h e  f u l l  wing span w i t h  t h e  wing i n  i ts  o r i g i n a l  i n p u t  p o s i t i o n .  Subse- 
quen t  t r a n s l a t i o n s  and r o t a t i o n s  w i l l  affect  t h e  wing and f l a p  e q u a l l y .  The 
h i n g e  l i n e  is  assumed t o  be  c e n t e r e d  w i t h i n  t h e  wing r o o t  and t i p  chord a i r f o i l s  
( f i g .  1 6 ( b ) ) .  Span l i n e s  o v e r  t h e  wing s u r f a c e  are a u t o m a t i c a l l y  r e d i s t r i b u t e d  
1 1  
t o  c o i n c i d e  w i t h  t h e  i n p u t  h i n g e - l i n e  l o c a t i o n  and f l a p  geometry.  T h i s  r e d i s -  
t r i b u t i o n  o f  span l i n e s  c a n ,  however,  d e s t r o y  t h e  close s p a c i n g  o f  p o i n t s  needed 
for  leading-edge d e t a i l ;  t h e r e f o r e ,  an a d d i t i o n a l  user i n p u t  i s  provided  whereby 
a s p e c i f i e d  number of leading-edge p o i n t s  w i l l  b e  l e f t  und i s tu rbed  d u r i n g  t h e  
spanwise  p o i n t  r e d i s t r i b u t i o n  p r o c e s s .  I n  t h e  case of t h e  s l ab - s ided  a i r f o i l  
or circular-arc a i r f o i l ,  t h e  leading-edge p o i n t s  are a u t o m a t i c a l l y  l e f t  
u n d i s t u r b e d .  
F l a p  d e f l e c t i o n  a n g l e s  are s p e c i f i e d  as t h e  i n c r e m e n t a l  a n g l e  through which 
t h e  f l a p  s u r f a c e  must move i n  a p l a n e  normal t o  t h e  h i n g e  l i n e .  T h i s  d e f l e c t i o n  
is measured r e l a t i v e  t o  a l i n e  connec t ing  t h e  h i n g e  l i n e  w i t h  t h e  f l a p  t r a i l i n g  
edge  ( f i g .  1 6 ( b ) ) .  The r o t a t i o n  is  accomplished by r o t a t i n g  t h e  h i n g e  l i n e  
p a r a l l e l  t o  t h e  Y-axis by means o f  a roll and yaw r o t a t i o n  and t h e n  d e f l e c t i n g  
t h e  f l a p  through an  a n g l e  o f  a t t a c k .  The f l a p  is  t h e n  r o t a t e d  back t o  i ts  
o r i g i n a l  h inge - l ine  p o s i t i o n  through a yaw and roll t r a n s f o r m a t i o n .  A s  shown 
i n  f i g u r e  1 6 ,  upper  and lower f l a p  s u r f a c e s  may b e  d e f l e c t e d  independen t ly  t o  
s i m u l a t e  a speed b r a k e .  
S i t u a t i o n s  o f t e n  develop  where an  a l l -movable  c o n t r o l  surface is  r e q u i r e d .  
An o p t i o n  is  provided  t h e r e f o r e  t o  d e s i g n a t e  a s u r f a c e  a s  an  al l -movable  sur- 
face and t o  d e s i g n a t e  t h e  h i n g e  l i n e  a b o u t  which t h e  s u r f a c e  p i v o t s .  The i n p u t  
is similar t o  t h a t  r e q u i r e d  f o r  t h e  f l a p  o p t i o n  w i t h  t h e  a d d i t i o n  o f  Z v a l u e s  
r e q u i r e d  for  t h e  h i n g e - l i n e  l o c a t i o n .  An i n p u t  d e f l e c t i o n  a n g l e  w i l l  c a u s e  t h e  
s u r f a c e  t o  r o t a t e  i n  a p l a n e  p e r p e n d i c u l a r  t o  t h e  h i n g e  l i n e .  Unl ike  t h e  f l a p  
a r r a y ,  r e s p a c i n g  of  span l i n e s  is  n o t  r e q u i r e d .  
Dihedra l . -  D i h e d r a l  can be added t o  any a u t o m a t i c a l l y  gene ra t ed  or hand 
i n p u t  wing s u r f a c e .  For t h e  purposes  o f  t h i s  p a p e r ,  d i h e d r a l  is  d e f i n e d  a s  a 
v e r t i c a l  t r a n s l a t i o n  of wing p o i n t s  t o  a s p e c i f i e d  d i h e d r a l  a n g l e  o r  c u r v a t u r e .  
T h i s  nomenclature  is d e f i n e d  i n  f i g u r e  1 7 ( c )  and can b e  c o n t r a s t e d  t o  t h e  con- 
c e p t  o f  wing roll, i n  which a l l  wing p o i n t s  are  r o t a t e d  a b o u t  a common X-axis 
( f i g .  1 7 ( c ) ) .  Roll  w i l l  be  d i s c u s s e d  i n  a subsequent  s e c t i o n .  Note t h a t  t h e  
d i h e d r a l  o p t i o n  w i l l  l e a v e  a l l  chords  i n  t h e i r  o r i g i n a l  i n p u t  p l a n e .  Dihedra l  
a n g l e s  can be s p e c i f i e d  a t  r o o t  and t i p  l e a d i n g  e d g e s  ( f i g .  1 7 ( b ) ) .  A second- 
o r d e r  curve  is  f i t t e d  between t h e  r o o t  and t i p  chord as  f o l l o w s :  
t a n  ( A W T )  - t a n  (AWR) 
z =  Y2 + [tan (AWR)]Y 
BW 
If AWT and AWR (see f i g .  17) are i n p u t  i d e n t i c a l l y ,  t h e  leading-edge c u r v e  i s  
l inear .  A l t e r n a t e l y ,  l ead ing-edge  d i h e d r a l  may b e  i n p u t  p o i n t  by p o i n t  a s  
i l l u s t r a t e d  i n  f i g u r e  1 7 ( a ) .  
Twist . -  Wing t w i s t  is  computed as a r o t a t i o n  o f  t h e  wing c h o r d s  a b o u t  
t h e i r  l e a d i n g  edges  i n  t h e  XZ p l a n e  ( f i g .  18). Twist is  s p e c i f i e d  i n  t h i s  
program a s  a t i p  d e f l e c t i o n  angle .  P o s i t i v e  t w i s t  r e s u l t s  i n  a wing- t ip  t r a i l  
i n g  edge d e f l e c t e d  downward. Twist angle i s  l i n e a r l y  d e c r e a s e d  t o  z e r o  a t  t h e  
wing roo t .  
. ,  
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Translation and rotation.- All wing surfaces may be translated as complete 
The program user units to any desired location as illustrated in figure 19(a). 
must bear in mind that translation occurs before rotation and that subsequent 
rotation will alter the translational position. 
Rotation is the last operation performed on wing geometry. Figures 19(b), 
19(c), and 19(d) illustrate how three rotation angles and axes must be speci- 
fied. The order in which rotation occurs will uniquely define the final coordi- 
nate values. In this program rotation occurs in the order ( 1 )  roll, (2 )  pitch, 
and (3) yaw. This order is specified in the "calls" to the rotation subroutine, 
and may be easily changed by modifying the argument list of these calls. Rota- 
tion is computed by the following equations: 
Roll : 
XR=X 
YR=(Y-YROTAT) cos(THETA)-(Z-ZROTAT) sin(THETA)+YROTAT 
ZR= (Z-ZROTAT) cos( THETA)-(Y-YROTAT) sin(THETA)+ZROTAT 
Pitch: 
XR=(X-XROTAT) cos(ALPHA)+(Z-ZROTAT) sin(ALPHA)+XROTAT 
YR=Y 
ZR=(Z-ZROTAT) cos(ALPHA)-(X-XROTAT) sin(ALPHA)+ZROTAT 
Yaw: 
XR=(X-XROTAT) cos(BETA1-(Y-YROTAT) sin(BETA)+XROTAT 
YR=(Y-YROTAT) cos(BETA)-(X-XROTAT) sin(BETA)+YROTAT 
ZR= Z 
where XR, YR, and ZR represent the rotated values. 
COMPONENT INTEGRATION 
After all geometry chosen by the user has been generated, control passes 
to the overlay MERGE. The primary function of MERGE is to exercise the user 
option for program calculation of the intersection of any surface (wing, tail, 
etc.) with the fuselage. 
To insure compatibility of all planar-surface and fuselage geometry arrays with 
each other and with any program analytical operations on the geometry, MERGE 
scales all the geometries to a common reference length. In addition, an array 
arrangement of planar-surface geometry data is prescribed and expected. Fig- 
ure 20 illustrates this array arrangement. Chord locations are numbered from 
inboard to outboard (root to tip) and surface stations along each chord are 
numbered from fore to aft (leading to trailing edge). The upper and lower sur- 
face arrays will always be positioned as shown. Because there are relatively 
few restrictions on the user as to what manipulations he may perform on a set 
of planar-surface geometry, the final form of the generated arrays may no 
longer be arrangsd in the prescribed fashion. For example, in generating a 
,+v' (See input description of IMERGE in Namelist WING.) 
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p l a n a r  s u r f a c e ,  t h e  u s e r  may have r e q u e s t e d  t h a t  t h e  s u r f a c e  be r o l l e d  1800, 
and may t h u s  r e v e r s e  n o t  o n l y  t h e  upper  and lower g e o m e t r i e s ,  b u t  t h e  numbering 
o f  t h e  chord l o c a t i o n s  as w e l l .  I n  o r d e r  t o  p r e v e n t  any  such  i n c o n s i s t e n c i e s  
i n  d a t a  a r r angemen t ,  MERGE i n s p e c t s  a l l  p l a n a r - s u r f a c e  geometry a r r a y s  and 
r e v e r s e s  and /o r  renumbers geometry l o c a t i o n s  as  n e c e s s a r y .  The program t h e n  
c o n t i n u e s  t o  merge t h e s e  s u r f a c e s  w i t h  t h e  f u s e l a g e ,  as r e q u i r e d .  F i g u r e  21 
shows i n  diagram form t h e  o p e r a t i o n s  performed by MERGE. 
Components are merged w i t h  t h e  f u s e l a g e  by f i n d i n g  t h e  i n t e r s e c t i o n  o f  
each  s u r f a c e  r a y  o f  t h e  component w i t h  a f u s e l a g e  p a n e l ,  a s u r f a c e  r a y  b e i n g  
a s u r f a c e  span l i n e  and p a n e l s  b e i n g  t h e  smallest f o u r - s i d e d  e l emen t s  i n  t h e  
f u s e l a g e  geometry d e s c r i p t i o n .  The l o c u s  o f  p o i n t s  c o n t a i n i n g  a l l  t h e  r a y  
i n t e r s e c t i o n s  f o r  b o t h  t h e  upper and lower s u r f a c e s  is  added t o  t h e  d e f i n i t i o n  
of  t h e  component and t h e  a r r a y  l o c a t i o n  is d e f i n e d  so  t h a t  a l l  geometry i n b o a r d  
shou ld  be d e l e t e d .  
The f o l l o w i n g  p a r a g r a p h s  d e s c r i b e  i n  more d e t a i l  t h e  methods used i n  MERGE 
t o  f i n d  t h e  i n t e r s e c t i o n  o f  a s u r f a c e  r a y  w i t h  t h e  f u s e l a g e .  
L i m i t s  o f  Sea rch  f o r  I n t e r s e c t i o n  
I n  f i n d i n g  t h e  i n t e r s e c t i o n  of  a s u r f a c e  r a y  w i t h  t h e  f u s e l a g e ,  MERGE first 
sets  t h e  s e a r c h  l i m i t s  o f  i n t e r s e c t i o n  i n  o r d e r  t o  a v o i d  unnecessa ry  i t e r a t i o n s .  
The most ou tboa rd  l i m i t  o f  t h e  s u r f a c e  r a y  is  t h a t  segment shown i n  f i g u r e  22 
t h a t  i n t e r s e c t s  t h e  f u s e l a g e  planform and t h e  s e a r c h  a l o n g  t h e  r a y  c o n t i n u e s  
i n b o a r d  f o r  each segment. The r a n g e  o f  f u s e l a g e  c r o s s  s e c t i o n s  t h a t  are  spanned 
by t h i s  segment l i m i t s  t h e  f u s e l a g e  geometry t h a t  w i l l  be s e a r c h e d  f o r  i n t e r s e c -  
t i o n  and o n l y  t h o s e  p a n e l s  on t h e  f u s e l a g e  segment t h a t  are spanned by t h e  r a y  
segment i n  t h e  Y Z  p l a n e  are tes ted .  I f  a f te r  e x h a u s t i n g  t h i s  s e t  of  s e a r c h  
l i m i t s  w i t h o u t  f i n d i n g  a n  i n t e r s e c t i o n ,  a new set of l i m i t s  co r r e spond ing  t o  
t h e  n e x t  i n b o a r d  r a y  segment are o b t a i n e d  and t h e  i t e r a t i o n  p rocedure  i s  
r e p e a t e d  . 
I n t e r s e c t i o n  E s t i m a t i o n  
The o r d e r  o f  s e a r c h  th rough  t h e  f u s e l a g e  segment i s  dependent upon t h e  
s l o p e  o f  t h e  r a y  segment. F o r  a p o s i t i v e  s l o p e  i n  t h e  XY p l a n e ,  t h e  f u s e l a g e  
segment is  sea rched  from forward t o  a f t .  For  a n e g a t i v e  s l o p e  t h i s  o r d e r  i s  
r e v e r s e d .  Fuse lage  p a n e l s  are always sea rched  from t h e  uppermost pane l  t o  t h e  2 
lower .  P a n e l s  are d i s c a r d e d  u n t i l  one i s  found such  t h a t  a t  l ea s t  two of  i t s  
s i d e s  are i n t e r s e c t e d  by t h e  s u r f a c e  r a y  segment v e c t o r  i n  t h e  Y Z  p l a n e  a t  
P I  and P2. F i g u r e  22 i n d i c a t e s  w i t h  a sample f u s e l a g e  segment t h e  p a n e l s  
where t h i s  would occur  and numbers them i n  t h e  o r d e r  i n  which t h e y  would be 
found.  The v a l u e s  of X co r re spond ing  t o  t h e  Y and Z v a l u e s  of  t h e  two i n t e r -  
s e c t i o n  p o i n t s  P I  and P2 are  X R , ~  and X R , ~ ,  r e s p e c t i v e l y ,  on t h e  r a y  
segment and X F , ~  and X F , ~ ,  r e s p e c t i v e l y ,  on t h e  f u s e l a g e  p a n e l .  There are 
now two sets o f  X v a l u e s  f o r  each o f  t h e  i n t e r s e c t i o n s  PI and P2 ( f i g .  23 ) .  
By assuming t h a t  t h e  r e l a t i o n s h i p  between t h e  two sets o f  X v a l u e s  is  l i n e a r ,  
t h e  p o i n t  a t  which t h e  f u s e l a g e  and t h e  r a y  segment v e c t o r  would s h a r e  a common 




on t h e  r a y  segment v e c t o r  are found. 
mated p o i n t  of i n t e r s e c t i o n .  It is n e c e s s a r y  t o  de t e rmine  whether  t h i s  p o i n t  
s t i l l  l i e s  w i t h i n  t h e  f u s e l a g e  p a n e l  maximum and minimum l i m i t s  as w e l l  as on 
t h e  s u r f a c e  r a y  segment. After t h i s  i n f o r m a t i o n  h a s  been v e r i f i e d ,  t h e  program 
checks  f o r  i r r e g u l a r l y  shaped p a n e l s ,  such as t h o s e  shown i n  f i g u r e  24 ,  which 
v i o l a t e  t h e  p r e v i o u s  tests and would have al lowed a n  e r r o n e o u s  in te rsec t ion  
p o i n t .  
Thus,  t h e  p o i n t  ( X i , Y i , Z i )  is  a n  esti- 
I n t e r s e c t i o n  V e r i f i c a t i o n  
To accoun t  f o r  t h e  p o s s i b i l i t y  o f  i r r e g u l a r l y  shaped p a n e l s  as  viewed i n  
t h e  YZ p l a n e ,  t h e  f u s e l a g e  pane l  w i t h  which a r a y  segment h a s  been found t o  
i n t e r s e c t  is  a s s i g n e d  more s p e c i f i c  boundary l i m i t s .  The f u s e l a g e  p a n e l  is 
d i v i d e d  i n t o  two t r i a n g l e s  a c c o r d i n g  t o  t h e  l o c a t i o n  of  t h e  i n t e r s e c t i o n  of t h e  
f u s e l a g e  pane l  d i a g o n a l s .  F i g u r e  25 shows t h e  f o u r  p o s s i b l e  l o c a t i o n s  o f  t h e  
d i a g o n a l  i n t e r s e c t i o n s  and t h e  co r re spond ing  pane l  d i v i d e r  t h a t  w i l l  d i v i d e  t h e  
pane l  i n t o  two t r i a n g l e s .  After t h e  two se t s  of  t r i a n g l e  l i m i t s  f o r  t h e  cand i -  
d a t e  i n t e r s e c t i o n  p o i n t  ( Y i , Z i )  have been a s s i g n e d ,  t h e  " t r i a n g l e  check" i s  
a p p l i e d  t o  de t e rmine  whether t h i s  p o i n t  l i e s  w i t h i n  one o f  t h e s e  two t r i a n g l e s .  
From each v e r t e x  of  a t r i a n g l e ,  a l i n e  i s  drawn t o  i n c l u d e  t h e  i n t e r s e c t i o n  
p o i n t  and a p o i n t  of  t h e  o p p o s i t e  s i d e  ( f i g .  2 6 ) .  If f o r  one of t h e  two p a n e l  
t r i a n g l e s  t h e  p o i n t  ( Y i , Z i )  l i e s  between each v e r t e x  and t h e  p o i n t  on i ts  
o p p o s i t e  s i d e ,  it i s  assumed t o  l i e  on t h e  f u s e l a g e  p a n e l .  
F i n a l l y ,  t h e  normals of  t h e  f u s e l a g e  pane l  t h a t  c o n t a i n s  t h e  r a y  i n t e r s e c -  
t i o n  p o i n t  and o f  t h e  s u r f a c e  r a y  segment are computed t o  de t e rmine  t h e  angle  
o f  d i r e c t i o n  of i n t e r s e c t i o n .  T h i s  f i n a l  t es t  is  a p p l i e d  i n  o r d e r  t o  i n s u r e  
t h a t  t h e  e n t r y  p o i n t  o f  t h e  s u r f a c e  r a y  w i t h  t h e  f u s e l a g e  h a s  been found r a t h e r  
t h a n  t h e  e x i t  p o i n t .  
If a c a n d i d a t e  i n t e r s e c t i o n  p o i n t  i s  no t  v e r i f i e d  w i t h i n  t h e  f u s e l a g e  
l i m i t s  of  a s e a r c h ,  a new set  of f u s e l a g e  l i m i t s  i s  a s s i g n e d  co r re spond ing  t o  
t h e  n e x t  i nboa rd  r a y  segment and t h e  e n t i r e  i t e r a t i o n  p rocedure  is  r e p e a t e d .  
S u r f a c e  Ray o f  No I n t e r s e c t i o n  
I f ,  a f te r  e x h a u s t i n g  t h e  l i m i t s  of  t h e  s u r f a c e  r a y ,  no i n t e r s e c t i o n  i s  
found ,  MERGE estimates a n  i n t e r s e c t i o n  f o r  t h i s  r a y  by e x t r a p o l a t i n g  t h e  i n t e r -  
s e c t i o n  o f  t h e  p r e v i o u s  r a y .  I f  t h e  leading-edge r a y  is  found t o  have no  i n t e r -  
s e c t i o n  w i t h  t h e  f u s e l a g e ,  a d i a g n o s t i c  message is  i s s u e d  and f u r t h e r  a t t e m p t  
a t  merging t h e  component w i t h  t h e  f u s e l a g e  i s  abandoned. F i g u r e  27 i l l u s t r a t e s  
t h e  c u t o f f  of  s u r f a c e  r a y s  t h a t  do n o t  t ouch  t h e  f u s e l a g e .  
I n t e r s e c t i o n  Geometry D e f i n i t i o n  
After t h e  i n t e r s e c t i o n  p o i n t s  of a l l  t h e  s u r f a c e  r a y s  for  b o t h  t h e  upper  
and lower s u r f a c e s  o f  a component have been found,  t h e s e  p o i n t s  are added t o  
t h e  geometry d e f i n i t i o n  of  t h e  component and t h e  a r r a y  or  chord l o c a t i o n  of t h e  
i n t e r s e c t i o n  is i d e n t i f i e d  by a r r a y  NST. F i g u r e  28 i n d i c a t e s  how t h e  geometry 
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a r r a y s  are renumbered t o  i n c l u d e  t h i s  a d d i t i o n a l  chord l o c a t i o n .  Note t h a t  t h e  
i n t e r s e c t i o n  l o c a t i o n  is  g i v e n  its most ou tboa rd  chord p o s i t i o n  o f  4 i n  o r d e r  
t o  m a i n t a i n  mono ton ic i ty  o f  a r r a y  p o s i t i o n s .  T h i s  is done f o r  b o t h  t h e  upper  
and lower s u r f a c e s  and t h e  larger v a l u e  o f  NST d e f i n e s  t h e  a r r a y  p o s i t i o n .  
Chord l o c a t i o n s  NST th rough  t h e  t i p  chord l o c a t i o n  d e f i n e  t h e  component outboard 
of t h e  f u s e l a g e .  After a l l  components have been merged w i t h  t h e  f u s e l a g e ,  t h e  
r e s u l t i n g  geometry a r r a y s  are w r i t t e n  o n t o  TAPE38 i n  FORTRAN Namelist form. 
GEMPAK INPUT DESCRIPTION 
The geometry g e n e r a t i o n  o p t i o n s  s p e c i f i e d  by t h e  u s e r  are t h e  main c o n t r o l  
pa rame te r s  o f  GEMPAK. These o p t i o n s  d i c t a t e  t h e  f low o f  e x e c u t i o n ,  t h e  informa- 
t i o n  t h a t  must be  s p e c i f i e d  by t h e  u s e r ,  and t h e  o r d e r  i n  which t h i s  i n p u t  must 
be  a r r a n g e d .  F i g u r e  29 i l l u s t r a t e s  t h e  i n p u t  f l o x  o f  GEMPAK and t h e  o p t i o n  
f l ags  t h a t  c o n t r o l  t h e  f low p a t h  i n  f i g u r e  1 .  Samples o f  GEMPAK i n p u t  and o u t -  
p u t  are found i n  appendix C .  A d e s c r i p t i o n  o f  t h e s e  i n p u t s  and a d i s c u s s i o n  
o f  how t h e y  are a p p l i e d  f o l l o w .  
GEMPAK TITLE CARD 
V a r i a b l e  n2me Column(s) Format V a r i a b l e  d e s c r i p t i o n  
TITLE 1 t o  80 80A1 Job i d e n t i f i c a t i o n  u s i n g  any a c c e p t a b l e  
a lphanumeric  c h a r a c t e r s  
GEMPAK GEOMETRY OPTION CARD 
Variable name Column(s) Format Variable d e s c r i p t i o n  
ICOMP 1 t o  30 1013 Geometry g e n e r a t i o n  o p t i o n s .  Any or a l l  
t h e  fo l lowing  o p t i o n s  may be chosen;  
however, no o p t i o n  may be chosen more 
then  once i n  a r u n .  
1 :  Fuse l age  
2: Wing 
3: Canard 
4: H o r i z o n t a l  t a i l  
5: F i n  
6-10: Not used a t  p r e s e n t  
The component g e o m e t r i e s  are g e n e r a t e d  
i n  t h e  same o r d e r  i n  which t h e  o p t i o n s  
are chosen. 
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INPUT FOR FUSELAGE GEOMETRY GENERATION 
The f u s e l a g e  i n p u t  r e q u i r e m e n t s  have been d i v i d e d  i n t o  e i g h t  b a s i c  s e t s  
of i n f o r m a t i o n  as i l l u s t r a t e d  i n  f i g u r e  29 .  The s e v e r a l  p o s s i b l e  p a t h s  o f  d a t a  
f low i l l u s t r a t e d  are a l l  user o p t i o n s .  The cen te rmos t  v e r t i c a l  p a t h  r e p r e s e n t s  
t h e  d e f a u l t  o p t i o n s  i n  l i e u  o f  any user  p r e f e r e n c e s .  The minimum number of c a r d  
sets r e q u i r e d  t o  r u n  any problem is two ( c a r d  sets  1 and 7 )  and t h e  maximum num- 
b e r  of c a r d  sets  r e q u i r e d  is f i v e  ( c a r d  sets 1 ,  2 ,  3 ,  8 ,  and 4 ,  o r  5 ,  o r  6). 
However, t h e s e  maximums and minimums on c a r d  sets do n o t  r e f l ec t  any correspond-  
i n g  maximum and minimum on t h e  magnitude of i n p u t  d a t a .  The c o n t e n t s  and i n f l u -  
ence of each o f  t h e s e  c a r d  sets  are i n c l u d e d  i n  t h e  f o l l o w i n g  d i s c u s s i o n s .  
Card Set 1: T i t l e ,  Geometry L i m i t s ,  Program Option F l a g s  
T h i s  c a r d  set  is  always r e q u i r e d .  Three t y p e s  o f  c a r d  i n p u t  are  u t i l i z e d  
as  shown i n  f igure 30. 
One o f  c a r d  t y p e  1A is  r e q u i r e d .  The purpose o f  t h i s  card i s  t o  p r o v i d e  
t h e  u s e r  w i t h  a n  80-column free f i e l d  i n p u t  t o  i d e n t i f y  t h e  computer r u n  o r  
problem. The d a t a  on t h i s  c a r d  are s imply read i n  and s u b s e q u e n t l y  p r i n t e d  o u t  
as t h e  first i tem i n  t h e  f u s e l a g e  o u t p u t  d a t a .  
The i n f o r m a t i o n  on c a r d  t y p e  1B c o n t r o l s  t h e  l e n g t h  o f  t h e  f u s e l a g e  (BDYL), 
t h e  l i m i t s  o f  i n p u t  l o f t i n g  d a t a  f o r  i n p u t  modes 1 and 2 (LOFMX) ,  t h e  number 
o f  f u s e l a g e  c r o s s  s e c t i o n s  (NXS), t h e  number o f  p o i n t s  p e r  c r o s s  s e c t i o n  
(NSS), t h e  c h o i c e  o f  f u s e l a g e  i n p u t  mode and subsequent  c a l c u l a t i o n s  d e s i r e d  
( I N C ( I ) , I  = 1 ,5 ) ,  t h e  p r i n t e d  o u t p u t  d e s i r e d  ( N P ( I ) , I  = 1 , 5 ) ,  and a p r e l i m i n a r y  
d a t a  i n p u t  check ( I D A C H K ) .  
The i n f l u e n c e  of most o f  these pa rame te r s  depends on t h e  c h o i c e  of  the  
s u r f a c e  d a t a  i n p u t  mode. BDYL is  independent  o f  i n p u t  mode and is simply t h e  
l e n g t h  o f  t h e  f u s e l a g e  from nose t o  t a i l .  The u n i t s ,  however, must be c o n s i s -  
t e n t  w i t h  f u s e l a g e  c o o r d i n a t e  i n p u t s .  
LOFMX c o n t r o l s  t h e  number o f  l o f t i n g  and s l o p e  c o n t r o l  l i n e s  t o  be used 
i n  t h e  complete l o f t i n g  i n p u t  mode o r  t h e  number o f  c r o s s - s e c t i o n  segment end 
p o i n t s  and s l o p e  c o n t r o l  p o i n t s  t o  be  s u p p l i e d  i n  t h e  c r o s s - s e c t i o n  l o f t i n g  
i n p u t  mode. LOFMX l o f t i n g  l i n e s  o r  segment end p o i n t s  a t  each c r o s s  s e c t i o n  
w i l l  be  p rov ided  f o r  t h e  two l o n g i t u d i n a l  p r o j e c t i o n  p l a n e s  (XY and XZ). 
LOFMX - 1 s l o p e  c o n t r o l  l i n e s  o r  s l o p e  c o n t r o l  p o i n t s  a t  each cross s e c t i o n  
w i l l  be  p rov ided  i n  t h e  two l o n g i t u d i n a l  p r o j e c t i o n  p l a n e s .  The maximum num- 
b e r  of l o f t i n g  l i n e s  o r  segment end p o i n t s  a t  each c r o s s  s e c t i o n  t h a t  can be  
d e f i n e d  i s  '11. A minimum number of two are r e q u i r e d  t o  run  any case. LOFMX 
h a s  no effect  on t h e  point-by-point  i n p u t  mode and may be  o m i t t e d  when t h a t  
o p t i o n  is chosen.  
N X S  d e f i n e s  t h e  number o f  c r o s s  s e c t i o n s  t h a t  w i l l  b e  u t i l i z e d  i n  t h i s  
case. The l o n g i t u d i n a l  l o c a t i o n s  of  t h e s e  N X S  c r o s s  s e c t i o n s  m u s t  be provided 
on c a r d  t y p e  I C .  
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N S S  d e f i n e s  t h e  number of p o i n t s  p e r  c r o s s  s e c t i o n  t h a t  w i l l  be  u t i l i z e d .  
NSS c r o s s - s e c t i o n  p o i n t s  w i l l  b e  g e n e r a t e d  when e i ther  t h e  complete  l o f t i n g  or 
c r o s s - s e c t i o n  l o f t i n g  i n p u t  modes are employed. When the  poin t -by-poin t  i n p u t  
mode is u t i l i z e d ,  card se t  7 must c o n t a i n  NSS p o i n t s  f o r  each o f  t h e  NXS c r o s s -  
s e c t i o n  l o c a t i o n s .  
The choice of i n p u t  mode is c o n t r o l l e d  by INC(1) .  If INC(1) = 0 ,  t h e  
complete  l o f t i n g  i n p u t  mode w i l l  be u t i l i z e d  and card s e t  4 must be  provided .  
If INC(1) = 1 ,  t h e  data are provided  i n  a streamwise or l o n g i t u d i n a l  manner 
and c a r d  se t  5 is r e q u i r e d .  If I N C ( 1 )  = 3 ,  t h e  data are provided  c r o s s  sec- 
t i o n  by c r o s s  s e c t i o n  and card se t  6 is  r e q u i r e d .  If I N C ( 1 )  = 2 ,  t h e  p o i n t -  
by-point  i n p u t  mode is employed and card se t  7 is  r e q u i r e d .  
INC(2) c o n t r o l s  t h e  d i s t r i b u t i o n  for  t h e  NSS p o i n t s  on each c r o s s  
s e c t i o n  f o r  t h e  complete  l o f t i n g  ( I N C ( 1 )  0) and t h e  c r o s s - s e c t i o n  l o f t i n g  
(INC(1) = 1 or 3) i n p u t  modes. If INC(2) = 0 ,  t h e  cu rve  l e n g t h  o f  t he  c r o s s  
s e c t i o n  is  c a l c u l a t e d  and t h e  NSS p o i n t s  are even ly  d i s t r i b u t e d  ove r  t h i s  
l e n g t h .  If INC(2) = 1 ,  an  uneven d i s t r i b u t i o n  o f  c r o s s - s e c t i o n  p o i n t s  based 
on t h e  LOFMX - 1 c r o s s - s e c t i o n  segments  is employed. The e x a c t  d i s t r i b u t i o n  
of p o i n t s  on each segment is  c o n t r o l l e d  by card se t  3 which must be s u p p l i e d  
when INC(2) = 1.  
I N C ( 3 )  c o n t r o l s  a l l  major  a u x i l i a r y  c a l c u l a t i o n s  d e f i n e d  i n  "Aux i l i a ry  
Fuse lage  Geometry" w i t h  t h e  e x c e p t i o n  o f  t h e  a e r o / p r o p u l s i o n  geometry s u r f a c e .  
If I N C ( 3 )  = 0 ,  o n l y  t h e  lateral  and v e r t i c a l  c o o r d i n a t e s  o f  t h e  maximum span- 
wise (p lanform)  c r o s s - s e c t i o n  p o i n t s  are de termined .  I f  INC(3) = 1 ,  a l l  areas 
( s u r f a c e  and c r o s s - s e c t i o n ) ,  s u r f a c e  normals ,  volumes,  c e n t r o i d s  (surface ele- 
ment and v o l u m e t r i c ) ,  and e f f e c t i v e  f u s e l a g e  f i n e n e s s  r a t i o  are c a l c u l a t e d .  
INC(4) c o n t r o l s  t h e  c a l c u l a t i o n  o f  t h e  aerodynamic s u r f a c e  subtended 
by t h e  p r o p u l s i o n  sys tem as p r e v i o u s l y  d e s c r i b e d  i n  "Aux i l i a ry  Fuse lage  Geom- 
e t ry . I1  If INC(4) = 0 ,  t h e  a e r o / p r o p u l s i o n  s u r f a c e  w i l l  n o t  be  g e n e r a t e d .  If 
INC(4) = 1 ,  t h e  a e r o / p r o p u l s i o n  s u r f a c e  w i l l  b e  g e n e r a t e d  and card s e t  8 which 
c o n t r o l s  t h i s  s u r f a c e  must be provided .  
I N C ( 5 )  d e f i n e s  t h e  t y p e  of c o n t r o l  t h a t  is  used t o  govern t h e  i n i t i a l  and 
f i n a l  s l o p e s  o f  each c r o s s - s e c t i o n  segment g e n e r a t e d  when e i ther  t h e  comple te  
l o f t i n g  (INC(1) = 0 )  o r  t h e  c r o s s - s e c t i o n  l o f t i n g  (INC(1)  = 1 o r  3 )  i n p u t  modes 
are chosen.  If IMC(5) = 0 ,  t h e  s l o p e  c o n t r o l  i s  governed by l o f t e d  s l o p e  con- 
t r o l  l i n e s  s u p p l i e d  i n  card s e t  4 f o r  t h e  complete  l o f t i n g  ( I N C ( 1 )  = 0)  i n p u t  
mode or by s l o p e  c o n t r o l  p o i n t s  s u p p l i e d  i n  card s e t s  5 and 6 f o r  t he  c r o s s -  
s e c t i o n  l o f t i n g  ( I N C ( 1 )  = 1 or  3)  i n p u t  mode. I f  INC(5) = 1,  t h e  s l o p e  c o n t r o l  
o f  p r e s c r i b e d  c r o s s - s e c t i o n  segments  is  c o n t r o l l e d  through card se t  2 which must 
be s u p p l i e d .  
F i v e  p r i n t  o p t i o n s ,  c o n t r o l l e d  by N P ( I ) , I  = 1,5, are a v a i l a b l e  t o  the  
u s e r .  NP(1) c o n t r o l s  t h e  o u t p u t  o f  t h e  c r o s s - s e c t i o n  c o o r d i n a t e s  o f  t h e  f i n a l  
numer ica l  model. If NP(1) = 0, t h i s  p r i n t  o p t i o n  is bypassed .  If N P ( 1 )  = 1 ,  
a l l  Y and Z c o o r d i n a t e s  on each  cross s e c t i o n  are p r i n t e d .  The c r o s s - s e c t i o n  
p o i n t s  are p r e s e n t e d  i n  a clockwise f a s h i o n  beg inn ing  a t  t h e  upper  c e n t e r  l i n e  
of t h e  f u s e l a g e .  The p lanform p o i n t  ( l a t e r a l  and v e r t i c a l  c o o r d i n a t e s  o f  t h e  
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maximum spanwise p o i n t )  is p resen ted  s e p a r a t e l y  f o r  each  c r o s s  s e c t i o n  a,long 
w i t h  t h e  l o n g i t u d i n a l  l o c a t i o n  o f  t h e  c r o s s  s e c t i o n .  
NP(2) c o n t r o l s  t h e  o u t p u t  o f  t h e  l o n g i t u d i n a l  d i s t r i b u t i o n s  o f  s u r f a c e  
area, c r o s s - s e c t i o n  areas, f i n e n e s s  r a t i o ,  t h e  volumes and t h e i r  c e n t e r s  con- 
t a i n e d  between s u c c e s s i v e  c r o s s  s e c t i o n s ,  and complete  f u s e l a g e  volume and its 
c e n t e r .  If NP(2) = 0 ,  t h i s  p r i n t  o p t i o n  is  bypassed and e x e r c i s e d  when 
NP(2) = 1 .  
NP(3) c o n t r o l s  t h e  ou tpu t  of i n d i v i d u a l  surface q u a d r i l a t e r a l  data f o r  t h e  
f i n a l  numer ica l  model. I f  NP(3) = 0 ,  t h i s  o u t p u t  o p t i o n  is  bypassed.  If 
NP(3) = 1, t h e  d i r e c t i o n  c o s i n e s  o f  the s u r f a c e  normals ,  t h e  c o o r d i n a t e s  of  t h e  
c e n t r o i d s  o f  t h e  surface e l emen t ,  e lement  surface areas, and t h e  del ta  volume 
a s s o c i a t e d  w i t h  each element  are p r i n t e d .  The delta volumes are t h o s e  con- 
t a i n e d  w i t h i n  t he  p a r a l l e l p i p e d  formed when " the  s u r f a c e  e lements  are p r o j e c t e d  
on to  the  YZ p lane .  The de l t a  volumes have an a s s o c i a t e d  s i g n  f o r  volume sum- 
ma t ions ,  where the s i g n  o f  each del ta  volume is  t h e  same as t h a t  o f  t he  l a t e ra l  
d i r e c t i o n  c o s i n e  Ny c a l c u l a t e d  f o r  i ts  element  of s u r f a c e  area. There fo re ,  
t h o s e  s u r f a c e  e lements  f a c i n g  away from t h e  YZ p lane  have a p o s i t i v e  s i g n  and 
t h o s e  e lements  f a c i n g  toward t h e  YZ p lane  have a n e g a t i v e  s i g n .  All s u r f a c e  
element  data are p resen ted  i n  a c lockwise  f a s h i o n  beginning  a t  t h e  t o p  c e n t e r  
l i n e  of  t h e  f u s e l a g e  f o r  each segment o f  volume con ta ined  between s u c c e s s i v e  
c r o s s  s e c t i o n s .  
NP(4) c o n t r o l s  t h e  o u t p u t  f o r  t h e  c o e f f i c i e n t s  o f  e q u a t i o n s  ( 1 )  and (2) 
i n  r e f e r e n c e  c o o r d i n a t e s .  These c o e f f i c i e n t s  d e f i n e  t h e  l o n g i t u d i n a l  segments 
of t he  l o f t i n g  l i n e s  and s l o p e  c o n t r o l  l i n e s  used i n  t h e  complete l o f t i n g  i n p u t  
mode. A s i g n  S G  is a l s o  p r i n t e d  which is v a l i d  on ly  when t h e  l o n g i t u d i n a l  
c o o r d i n a t e  is  taken  as t h e  independent  v a r i a b l e ,  t h a t  i s ,  when 
o r  
If NP(4) = 0 ,  t h i s  o u t p u t  o p t i o n  is  bypassed.  If NP(4) = 1, t h e . l o n g i t u d i n a 1  
v a l u e s  (x c o o r d i n a t e s )  o f  t h e  end p o i n t s  o f  the segment ,  t h e  t y p e  o f  c u r v e  
( l o f t i n g  or  s l o p e  c o n t r o l ) ,  t h e  c o o r d i n a t e  p l ane  o f  p r o j e c t i o n ,  t h e  s i x  coef -  
f i c i e n t s  (A, B, C, D, E, and F), and an a s s o c i a t e d  s i g n  ( S G  = * 1 >  are 
p resen ted  . 
h'P(5) c o n t r o l s  t h e  o u t p u t  o f  t h e  c o e f f i c i e n t s  o f  e q u a t i o n  ( 3 )  which is  
used t o  d e f i n e  t h e  c r o s s - s e c t i o n  segments i n  t h e  complete  l o f t i n g  (INC(1) = 0 )  
and c r o s s - s e c t i o n  l o f t i n g  (INC(1) = 1 or 3) i n p u t  modes. If NP(5) = 0 ,  t h i s  
p r i n t  o p t i o n  is  bypassed.  If NP(5) = 1 ,  t he  l o n g i t u d i n a l  l o c a t i o n  o f  t h e  
cross s e c t i o n ,  t h e  c r o s s - s e c t i o n  segment number (counted  c lockwise  from t h e  
upper f u s e l a g e  c e n t e r  l i n e ) ,  and t h e  s i x  c o e f f i c i e n t s  ( A ,  B, C ,  D, E, 
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and F) f o r  r e f e r e n c e  c o o r d i n a t e s  are p r e s e n t e d .  Because o f  t h e  f o r m u l a t i o n  o f  
t h e  program, t h e s e  c r o s s - s e c t i o n  segments can be double-valued i n  bo th  v a r i a b l e s  
f o r  t h e  r e f e r e n c e  c o o r d i n a t e s .  T h e r e f o r e ,  a n  a s s o c i a t e d  s i g n  i s  n o t  p r e s e n t e d  
i n  t h i s  p r i n t  o p t i o n .  
IDACHK c o n t r o l s  t h e  check ing  o f  t h e  f u s e l a g e  i n p u t  d a t a  f o r  c o n s i s t e n c y  
and o r d e r .  If IDACHK = 0,  t h e  i n p u t  d a t a  are assumed c o r r e c t .  If I D A C H K  = 1 ,  
s p e c i a l  d a t a  check o p t i o n s  are i n i t i a t e d  d u r i n g  t h e  normal o p e r a t i o n  o f  t h e  cal- 
c u l a t i o n  r e q u e s t e d .  If no e r r o r s  o c c u r ,  t h e  a p p r o p r i a t e  c a l c u l a t i o n s  are pe r -  
formed. If e r r o r s  which can be d e t e c t e d  do o c c u r ,  a n  a p p r o p r i a t e  e r r o r  message 
is p r i n t e d  which u s u a l l y  i n d i c a t e s  t h e  p robab le  s o u r c e  o f  e r r o r .  Once t h i s  
d a t a  check h a s  been s u c c e s s f u l l y  exercised, I D A C H K  shou ld  be se t  e q u a l  t o  z e r o .  
Card t y p e  I C  c o n t r o l s  t h e  l o n g i t u d i n a l  l o c a t i o n s  o f  t h e  c r o s s  s e c t i o n s  
and p r o v i d e s  f o r  t h e  i n p u t  o f  e i g h t ” c r o s s - s e c t i o n  l o c a t i o n s  p e r  c a r d  u n t i l  NXS 
l o c a t i o n s  have been p r e s c r i b e d .  These l o c a t i o n s  must be provided i n  o r d e r  o f  
i n c r e a s i n g  X .  I f  t h e  complete l o f t i n g  i n p u t  mode is  chosen,  t hen  each l o f t i n g  
and s l o p e  c o n t r o l  l i n e  p r o j e c t i o n  must be comple t e ly  d e f i n e d  o v e r  t h e  r e g i o n  
set  by t h e  i n i t i a l  and f i n a l  c r o s s - s e c t i o n  l o c a t i o n s .  I f  t h e  c r o s s - s e c t i o n  
l o f t i n g  i n p u t  mode is chosen ,  t h e n  LOFMX segment end p o i n t s  and LOFMX - 1 
s l o p e  c o n t r o l  p o i n t s  must be provided a t  each c r o s s - s e c t i o n  l o c a t i o n  through 
c a r d  sets  5 o r  6 .  If t h e  point-by-point  i n p u t  mode is  s e l e c t e d ,  t h e n  NSS 
p o i n t s  a t  each c r o s s - s e c t i o n  l o c a t i o n  must be provided through card s e t  7 .  
Card V a r i a b l e  name Column(s) 
1 A  TTL 1 t o  80 
-
1B BDYL 1 t o  15 
LOFMX 16 t o  20 
N X S  21 t o  25 
NSS 26 t o  30 
I N C (  1 )  32 
Format Variable d e s c r i p t i o n  
8A10 Fuse lage  i d e n t i f i c a t i o n  u s i n g  any 
a c c e p t a b l e  a lphanumeric  c h a r a c t e r s  
E15.8 Body l e n g t h  
I 5  Maximum number of l o f t i n g  l i n e s  
(R igh t -  ( 2  LOFMX 2 1 1 )  
a d j u s t e d )  
I5  Number o f  c r o s s  s e c t i o n s  
(R igh t -  ( 2  5 NXS 2 2 0 )  
a d j u s t e d )  
I5  Number o f  p o i n t s  p e r  c r o s s  s e c t i o n  
( R i g h t  ( 2  5 NSS 6 50)  
ad j u s  t e d )  
I1 I n p u t  f l a g .  
0: Complete l o f t i n g  i n p u t  mode. 
I n p u t  card set  4 .  
1 :  L o n g i t u d i n a l  i n p u t  mode. 
I n p u t  c a r d  set  5. 
2:  Point-by-point  i n p u t  mode. 
I n p u t  c a r d  s e t  7. 
3: Cross - sec t ion  i n p u t  mode. 
I n p u t  card se t  6.  
20 
Card Variable name Column(s) Format Variable description 
1B INC(2) 34 I1 Point distribution flag. Not 
available for INC(1) = 2. 
0: Calculate NSS evenly distrib- 
uted points on each cross 
section. 
control cross-section point 
spacing. Input card set 3. 








I1 Calculate geometry characteristics 
such as areas, normals, volumes, 
centroids, fineness ratio, etc. 
0: No 
1: Yes 
I1 Generate the aero/propulsion 
surface. 
0: No 
1: Yes (input card set 8) 
I 1  Initial and final slope control of 
the cross-section segment. Not 
available for INC(1) = 2. 
0: Slope control will be gov- 
erned by the input lofted 
slope control lines. 
erned through card set 2. 
1: Slope control will be gov- 
I1 Print cross-section points. 
I 0: No 
1: Yes 
I1 Print segment characteristics 
(surface areas, cross-section 
areas, volumes, centers of volume, 
fineness ratio, etc.). 
0: No 
1: Yes 
I1 Print element characteristics 




I1 Print longitudinal curve segment 




- Card Variable name Column(s) Format Variable d e s c r i p t i o n  
1B NP(5) 50 I 1  P r i n t  c r o s s - s e c t i o n a l  c u r v e  segment 




I C  X ( 1 )  
52 I1 Check f u s e l a g e  i n p u t  d a t a  f o r  
c o n s i s t e n c y  and o r d e r .  
0: No 
1:  Yes 
1 t o  80 8F10.4 Prescr ibed c r o s s - s e c t i o n  l o c a t i o n s  
i n  t h e  l o n g i t u d i n a l  d i r e c t i o n .  
Repeat card I C  f o r  I = 1,NXS. 
Card Set 2: S l o p e  C o n t r o l  F l a g s  
T h i s  card set c o n t a i n s  i n f o r m a t i o n  t o  c o n t r o l  any o r  a l l  t h e  i n i t i a l  and 
f i n a l  s l o p e s  of each c r o s s - s e c t i o n  segment whenever t h e  complete  l o f t i n g  o r  
c r o s s - s e c t i o n  l o f t i n g  i n p u t  modes are employed. Th i s  i n p u t  s u p e r s e d e s  any 
o t h e r  c r o s s - s e c t i o n a l  s l o p e  c o n t r o l s  and is p rov ided  p r i m a r i l y  f o r  ease o f  
i n p u t  i n  p r e s c r i b i n g  first d e r i v a t i v e  c o n t i n u i t y  a l o n g  c r o s s  s e c t i o n s  or  t o  
f o r c e  s t r a i g h t - l i n e  c u r v e  fits on s p e c i f i c  c r o s s - s e c t i o n  segments .  I n t e g e r  
p a i r s  are i n p u t  t o  c o n t r o l  t h e  i n i t i a l  and f i n a l  s l o p e s  o f  each c r o s s - s e c t i o n  
segment f o r  t h o s e  c r o s s  s e c t i o n s  d e f i n e d  on card t y p e  I C .  S i n c e  up t o  10 seg- 
ments can be  u t i l i z e d  t o  d e f i n e  a c r o s s  s e c t i o n ,  card t y p e  2A is d i v i d e d  i n t o  
f o u r  sets o f  i n t e g e r  p a i r s  c o v e r i n g  20 card columns each and r e p r e s e n t i n g  f o u r  
d i f f e r e n t  c r o s s  s e c t i o n s  as i l l u s t r a t e d  i n  f i g u r e  31. Thus, t h e  f irst  two 
i n t e g e r s ,  IYZIN(1, l )  and I Y Z O T ( I , I ) ,  o v e r r i d e  a l l  o t h e r  s l o p e  control .  i n p u t s  
f o r  t h e  i n i t i a l  and f i n a l  s l o p e  o f  t he  f irst  segment on t h e  f irst  c r o s s  sec- 
t i o n .  The segments on each c r o s s  s e c t i o n  are numbered i n  a c lockwise  manner 
beg inn ing  a t  t h e  t o p  c e n t e r  l i n e  o f  t h e  f u s e l a g e .  I Y Z I N ( 1 , J )  and I Y Z O T ( 1 , J )  
c o n t r o l  t h e  i n i t i a l  and f i n a l  s l o p e s ,  r e s p e c t i v e l y ,  o f  t h e  I t h  segment on t h e  
J t h  c r o s s  s e c t i o n .  
I Y Z I N ( I , , J )  and I Y Z O T ( 1 , J )  can b e  g iven  v a l u e s  o f  0 ,  1, o r  2 .  If  a z e r o  
is i n p u t  o r  t h e  column is l e f t  b l a n k ,  t h e  c r o s s - s e c t i o n  s l o p e  c o n t r o l  a t  t h e  
a p p r o p r i a t e  i n i t i a l  o r  f i n a l  p o i n t  o f  t h e  segment i s  governed by t h e  s l o p e  con- 
t r o l  l i n e  f o r  t h e  complete  l o f t i n g  i n p u t  mode o r  by t h e  s l o p e  c o n t r o l  p o i n t  f o r  
t h e  c r o s s - s e c t i o n  l o f t i n g  i n p u t  mode. If I Y Z I N ( 1 , J )  = 1,  t h e n  t h e  i n i t i a l  
s l o p e  o f  t h e  I t h  segment on t h e  J t h  c r o s s  s e c t i o n  i s  set  e q u a l  t o  t h e  f i n a l  
s l o p e  o f  t h e  p r e v i o u s ,  ( I - I l t h ,  segment of t h e  same c r o s s  s e c t i o n .  I f  
I Y Z O T ( 1 , J )  = 1 ,  t h e n  t h e  f i n a l  s l o p e  of t h e  I t h  segment on t h e  J t h  c r o s s  sec- 
t i o n  is se t  e q u a l  t o  t h e  i n i t i a l  s l o p e  o f  t h e  n e x t ,  ( I + l ) t h ,  segment on t h e  
J t h  c r o s s  s e c t i o n .  If e i t h e r  I Y Z I N ( 1 , J )  = 2 o r  I Y Z O T ( 1 , J )  = 2 ,  t hen  t h e  
I t h  segment on t h e  J t h  cross s e c t i o n  is f i t t e d  w i t h  a s t r a i g h t  l i n e .  
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I 
Var i a b l e  d e  s c r i p  t i  on 
.- 
Card V a r i a b l e  name Column(s) Format -
O m i t  t h i s  c a r d  se t  f o r  INC(5) = 0. 
2A [IYZIN(I, J) 1 t o  80 40(11,11)  S l o p e  c o n t r o l  o p t i o n  f o r  t h e  J t h  
IYZOT ( I ,  S)] segment on t h e  I t h  cross section. 
Repeat f o r  I = 1, lO and 
J = 1,NXS. 
Card Set 3: Cross -Sec t ion  P o i n t  D i s t r i b u t i o n  
T h i s  i n p u t  c o n t r o l s  any uneven c r o s s - s e c t i o n  p o i n t  d i s t r i b u t i o n  r e q u i r e -  
ments by p r e s c r i b i n g  t h e  number o f  p o i n t s  p e r  c r o s s - s e c t i o n  segment. The same 
d i s t r i b u t i o n  is h e l d  c o n s t a n t  f o r  each  c r o s s  s e c t i o n  so  t h a t  t h i s  i n p u t  o p t i o n  
shou ld  be  c o n s i d e r e d  i n  t h e  i n i t i a l  l a y o u t  o f  l o f t i n g  l i n e s  and /o r  c r o s s -  
s e c t i o n a l  l o f t i n g  p o i n t s .  LOFMX - 1 nonzero v a l u e s  are i n p u t  ( f i g .  32) t o  f i x  
t h e  number o f  p o i n t s  on each segment. The common p o i n t  c o n n e c t i n g  segments 
is c o n s i d e r e d  t o  belong t o  t h e  first segment encoun te red  so t h a t  each segment 
must have a t  l eas t  one p o i n t .  NBTWN(1) a p p l i e s  t o  t h e  first c r o s s - s e c t i o n  
segment,  NBTWN(2) a p p l i e s  t o  t h e  second segment,  e t c .  The sum o f  NBTWN(I), 
I = 1,LOFMX - 1 v a l u e s  i n p u t  must e q u a l  NSS - 1 .  The c o n t r o l  o f f e r e d  by 
t h i s  c a r d  s e t  can o n l y  be a p p l i e d  t o  t h e  complete  l o f t i n g  and c r o s s - s e c t i o n  
l o f t i n g  i n p u t  modes. It  i s  a l s o  o m i t t e d  when INC(2) = 0 .  
As an example, c o n s i d e r  t h e  i l l u s t r a t i o n  o f  a t y p i c a l  c r o s s  section i n  
f i g u r e  33. Seven c r o s s - s e c t i o n  segments have been used t o  d e f i n e  t h e  c r o s s  
s e c t i o n s .  The segment end p o i n t s  are r e p r e s e n t e d  by t h e  heavy d o t s .  The 
seven v a l u e s  provided on c a r d  t y p e  3 are 3 ,  6 ,  1 ,  6 ,  4 ,  3 ,  and 1 .  The re fo re ,  
segment 1 on each c r o s s  s e c t i o n  w i l l  c o n t a i n  t h r e e  e q u a l l y  spaced subsegments 
o v e r  t h e  segment l e n g t h .  T h i s  l e n g t h  can be  z e r o ,  i n  which case a l l  f i v e  
p o i n t s  would be c o i n c i d e n t .  Fo r  i l l u s t r a t i o n ,  a l l  p o i n t s  are c l e a r l y  dj.s- 
t i n g u i s h a b l e  on t h i s  f i g u r e .  The t i c k  marks i n d i c a t e  t h e  segment s u b d i p i s i o n s .  
Card V a r i a b l e  name Column(s) Format V a r i a b l e  d e s c r i p t i o n  . . . -
O m i t  t h i s  c a r d  set  i f  INC(2) = 0 .  
I 
3 NBTWN ( I ) 1 t o  50 10(3X,I2)  P r e s c r i p t i o n  for c r o s s - s e c t i o n  p o i n t  
(R igh t -  d i s t r i b u t i o n .  I f  NBTWN(1) = N, 
a d j u s t e d )  t h e n  N e v e n l y  spaced p o i n t s  are 
d i s t r i b u t e d  on c r o s s - s e c t i o n  seg- 
ment I. The las t  v a l u e  of I must 
be e q u a l  t o  LOFMX - 1 .  Each v a l u l  
o f  NBTWN(1) for  I = 1,LOFMX - 1 
must be  greater t h a n  z e r o .  
LOFMX- 1 
1 NBTw(1) = NSS - 1 
I= 1 
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Card Set 4: Complete L o f t i n g  I n p u t  
T h i s  c a r d  set  c o n t r o l s  t h e  l o f t i n g  and s l o p e  c o n t r o l  l i n e s  f o r  t h e  com- 
p l e t e  l o f t i n g  i n p u t  mode and is u t i l i z e d  o n l y  when INC(1) = 0 .  A s e t  o f  
l o n g i t u d i n a l  l o f t i n g  l i n e s  are t h e  pr imary means f o r  c r e a t i n g  t h e  f u s e l a g e  
geometry.  A s  p r e v i o u s l y  d i s c u s s e d ,  t h e  p r o j e c t i o n s  o f  t h e s e  l o f t i n g  l i n e s  are 
c u r v e  f i t t e d  w i t h  a c h a i n  o f  second-degree c u r v e  segments.  An i l l u s t r a t i o n  of  
a th ree -d imens iona l  space  c u r v e  and t h e  segments used t o  d e f i n e  i t s  p r o j e c -  
t i o n s  i n  t h e  l o n g i t u d i n a l  c o o r d i n a t e  p l a n e s  are i l l u s t r a t e d  i n  f i g u r e  34. The 
s p a c e  c u r v e  is  r e p r e s e n t e d  by t h e  heavy s o l i d  c u r v e  and i t s  p r o j e c t i o n s  are 
r e p r e s e n t e d  by t h e  dashed c u r v e s .  The heavy d o t s  r e p r e s e n t  t h e  end p o i n t s  o f  
t h e  v a r i o u s  second-degree segments used t o  d e f i n e  t h e  p r o j e c t i o n s .  There is 
no l i m i t  t o  t h e  number o f  segments t h a t  can be u t i l i z e d  t o  d e f i n e  a p r o j e c t i o n ,  
n o r  do t h e  number and /o r  l o c a t i o n  o f  t h e  segment and p o i n t s  have t o  be t h e  
same between v a r i o u s  p r o j e c t i o n s .  I n  t h i s  i l l u s t r a t i o n ,  t h r e e  segments were 
u t i l i z e d  t o  d e f i n e  t h e  p r o j e c t i o n  i n  t h e  l a t e ra l  XY p l a n e  and f i v e  segments t o  
d e f i n e  t h e  p r o j e c t i o n  i n  t h e  v e r t i c a l  XZ p l a n e .  The o r d e r  o f  c u r v e  p r o j e c t i o n  
i n p u t  i s  a r b i t r a r y ;  t h a t  i s ,  t h e  X Z  p r o j e c t i o n  o f  l o f t i n g  l i n e  n can e i t h e r  
f o l l o w  or  p recede  t h e  XY p r o j e c t i o n  o f  s l o p e  c o n t r o l  l i n e  n - 1 .  However, 
t h e  c h a i n  o f  segments d e f i n i n g  any s i n g l e  l o n g i t u d i n a l  c u r v e  p r o j e c t i o n  m u s t  
be i n p u t  i n  o r d e r  of  i n c r e a s i n g  X .  
A s  s t a t e d  i n  t h e  s e c t i o n  "Ana ly t i c  Curve D e f i n i t i o n , "  curved segments i n  
t h e  f o r m u l a t i o n  r e q u i r e  a s l o p e  c o n t r o l  p o i n t .  S e v e r a l  methods have been made 
a v a i l a b l e  t o  t h e  u s e r  f o r  s u p p l y i n g  t h e  n e c e s s a r y  i n f o r m a t i o n  t o  e s t a b l i s h  t h e  
c o n t r o l  p o i n t s  For  t h e  l o n g i t u d i n a l  c u r v e  segments.  The XZ p r o j e c t i o n  o f  t h e  
s p a c e  c u r v e  shown i n  f i g u r e  34 is  reproduced i n  f i g u r e  35 t o  i l l u s t r a t e  t h e  
v a r i o u s  o p t i o n s  a v a i l a b l e .  The first o f  t h e  f i v e  segments is  a s t r a i g h t - l i n e  
segment and r e q u i r e s  no s l o p e  c o n t r o l  p o i n t .  The i n p u t  o f  a n g l e s  is  i l l u s -  
t r a t e d  as  t h e  means t o  d e f i n e  t h e  s l o p e s  a t  t h e  ends  o f  segment 2 .  S l o p e s  are 
i n p u t  f'or t h e  ends  o f  segment 3 .  The X and Z c o o r d i n a t e s  o f  two a d d i t i o n a l  
p o i n t s  are  used t o  d e f i n e  t h e  s l o p e s  a t  t h e  ends  o f  segment 4 .  The p o i n t s  are  
denoted by t h e  two a s t e r i s k s .  The f i rs t  p o i n t  l i e s  w i t h i n  t h e  l o n g i t u d i n a l  
l i m i t s  of  t h e  segment and t h e  second p o i n t  does n o t .  The re  i s  no r e s t r i c t i o n  
on t h e  l o c a t i o n  o f  t h e s e  p o i n t s  and both cou ld  j u s t  as  w e l l  be comple t e ly  
i n s i d e  o r  o u t s i d e  t h e  l o n g i t u d i n a l  l i m i t s  of  t h e  segment. The s l o p e s  are  
determined by t h e  s t r a i g h t - l i n e  segment c o n n e c t i n g  each o f  t h e s e  a d d i t i o n a l  
p o i n t s  w i th  its a p p r o p r i a t e  segment end p o i n t .  The same p r o c e s s  can be 
accomplished w i t h  p rope r  c h o i c e  o f  a s i n g l e  e x t r a  p o i n t  such a s  t h e  a s t e r i s k  
benea th  segment 5 which c o n t r o l s  t h e  s l o p e s  a t  bo th  o f  i t s  end p o i n t s .  T h i s  
p o i n t  is  i d e n t i c a l  t o  t h e  s l o p e  c o n t r o l  p o i n t  d e s c r i b e d  i n  t h e  s e c t i o n  
"Ana ly t i c  Curve Def in i t i on . I1  There i s  no r e s t r i c t i o n  on t h e  homogeneity o f  
i n p u t  f o r  c o n t r o l l i n g  t h e  s l o p e s  a t  t h e  end p o i n t s  o f  a segment and any combi- 
n a t i o n  o f  t h e  v a r i o u s  methods can be a p p l i e d  t o  any g iven  segment. 
A s l o p e  c o n t i n u i t y  o p t i o n  i s  a l s o  provided i n  which t h e  s l o p e  a t  t h e  
i n i t i a l  p o i n t  o f  t h e  segment i n  q u e s t i o n  can be set  equa l  t o  t h e  s l o p e  a t  t h e  
f i n a l  p o i n t  o f  t h e  p r e v i o u s  segment.  I n  a d d i t i o n ,  t h e  s l o p e  a t  t h e  f i n a l  
p o i n t  o f  t h e  segment i n  q u e s t i o n  can be set  e q u a l  t o  t h e  s l o p e  a t  t h e  i n i t i a l  
p o i n t  on t h e  n e x t  segment.  If f u l l  u s e  were made o f  t h i s  o p t i o n ,  t hen  o n l y  
two a d d i t i o n a l  p o i n t s  would have been r e q u i r e d  t o  g e n e r a t e  a f i r s t  d e r i v a t i v e  
c o n t i n u o u s  cu rve  f o r  t h e  p r o j e c t i o n  shown i n  f i gu re  35. These two p o i n t s  are 
i n d i c a t e d  by t h e  diamond 0 
However, first d e r i v a t i v e  c o n t i n u i t y  is n o t  a requi rement  i n  e i t h e r  t h e  long i -  
t u d i n a l  or c r o s s - s e c t i o n a l  p r o j e c t i o n s .  
f o r  segment 3 and t h e  a s t e r i s k  benea th  segment . 5 .  
The Y and Z c o o r d i n a t e s  o f  t h e  l o f t i n g  l i n e s  a t  t h e  p r e s c r i b e d  l o n g i t u d i -  
n a l  l o c a t i o n s  o f  t h e  c r o s s  s e c t i o n s  are t h e  end p o i n t s  f o r  t h e  c r o s s - s e c t i o n a l  
segments.  The c o n t r o l  o f  t h e  s l o p e s  a t  t h e  end p o i n t s  o f  t h e s e  c r o s s - s e c t i o n a l  
segments i n  t h e  complete l o f t i n g  i n p u t  mode is governed by an  a d d i t i o n a l  l ong i -  
t u d i n a l l y  l o f t e d  space  cu rve  f o r  each  p a i r  o f  a d j a c e n t  surface l o f t i n g  l i n e s .  
The c u r v e s  are denoted as s l o p e  c o n t r o l  l i n e s  and are based on t h e  concept  
d e s c r i b e d  i n  r e f e r e n c e  7. The s l o p e  c o n t r o l  l i n e s  are simply t h e  l o c u s  of  t h e  
c r o s s - s e c t i o n  segment s l o p e  c o n t r o l  p o i n t s  as  d e s c r i b e d  i n  t h e  s e c t i o n  "Ana- 
l y t i c  Curve D e f i n i t i o n "  ( f ig .  4 ) .  The p o i n t s  t o  be f i t t e d  are u s u a l l y  d e t e r -  
mined by s imple  l a y o u t  o f  t h e  s l o p e  c o n t r o l  p o i n t s  determined from s k e t c h e s  or  
drawings of t h e  dominat ing c r o s s  s e c t i o n s .  
The ca rd  t y p e s  i l l u s t r a t e d  i n  f i g u r e  36 are t h e  means f o r  p rov id ing  t h e  
necessa ry  d a t a  t o  e x e r c i s e  t h e  complete  l o f t i n g  o p t i o n .  The two similar t y p e s  
o f  i n p u t  c a r d s ,  4 A  and 4B,  are read by a s i n g l e  fo rma t .  Card t y p e  4 A  i s  t h e  
i n i t i a l  i n p u t  ca rd  f o r  each l o f t i n g  and s l o p e  c o n t r o l  l i n e  p r o j e c t i o n .  I Y Z  
d e f i n e s  t h e  p lane  of  p r o j e c t i o n  where I Y Z  = 1 i n d i c a t e s  t h e  XY p l ane  and 
I Y Z  = 2 i n d i c a t e s  t h e  XZ p l a n e .  NOP i n d i c a t e s  t h e  number of  p o i n t s  t h a t  w i l l  
be used  t o  d e f i n e  t h i s  l o f t i n g  or s l o p e  c o n t r o l  l i n e  p r o j e c t i o n .  T h i s  number 
must be provided f o r  each new p r o j e c t i o n  s i n c e  unequal  numbers of  p o i n t s  may 
be u t i l i z e d  t o  d e f i n e  them. 
A B C X ( 1 )  is t h e  l o n g i t u d i n a l  c o o r d i n a t e  ( X  v a l u e )  of  t h e  i n i t i a l  p o i n t  on 
t h e  curve  p r o j e c t i o n .  T h i s  v a l u e  must be less than  or e q u a l  t o  t h e  X v a l u e  of 
t h e  first c r o s s  s e c t i o n  ( X ( 1 )  on card t y p e  I C ) .  O R D ( 1 )  is e i t h e r  t h e  l a t e ra l  
(Y v a l u e )  or  v e r t i c a l  ( Z  v a l u e )  o f  t h e  i n i t i a l  p o i n t  depending upon t h e  pro- 
j e c t i o n  p lane  ( t h a t  i s ,  i f  I Y Z  = 1 ,  i t  is t h e  Y v a l u e  and i f  I Y Z  = 2 ,  i t  is  
t h e  Z v a l u e ) .  I 
i 
I T C O ( 1 )  i n d i c a t e s  t h e  type  of i n p u t  provided  through CABXO(1) and/or 
C O R O ( 1 )  t o  d e f i n e  t h e  i n i t i a l  s l o p e  of  t h e  f i r s t  segment.  I f  I T C O ( 1 )  = 0 ,  no 
s l o p e  in fo rma t ion  i s  provided  and C A B X O ( 1 )  and C O R O ( 1 )  are ignored .  I f  
I T C O ( 1 )  = 1 ,  t h e  va lue  o f  t h e  s l o p e  i s  s e t  e q u a l  t o  CABXO(1)  wh i l e  C O R O ( 1 )  i s  
ignored .  I f  I T C O ( 1 )  = 2 ,  C A B X O ( 1 )  is read as an  a n g l e  ( i n  d e g r e e s )  and t h e  
s l o p e  is set equa l  t o  i t s  t a n g e n t  ( C O R O ( 1 )  i s  i g n o r e d ) .  I f  I T C O ( 1 )  = 3, 
CABXO(1)  is read as  t h e  abscissa ( X  v a l u e )  and C O R O ( 1 )  i s  read  as t h e  o r d i n a t e  
(Y or  Z v a l u e ,  depending on t h e  p r o j e c t i o n  p l a n e )  o f  a p o i n t  t o  de te rmine  t h e  
s l o p e .  The s l o p e  is  set  e q u a l  t o  t h e  s l o p e  o f  t h e  s t r a i g h t - l i n e  segment 
between t h i s  p o i n t  and t h e  i n i t i a l  p o i n t  o f  t h e  segment [CABXO( 1 ,ORD( 1 I] . 
Card t y p e  4B cards c o n t a i n  t h e  in fo rma t ion  f o r  t h e  remaining p o i n t s  o f  
each segment a long  t h e  l o f t i n g  and s l o p e  c o n t r o l  l i n e  p r o j e c t i o n .  I D  i d e n t i -  
f ies  t h e  type  o f  curve  p r o j e c t i o n  be ing  d e f i n e d .  If I D  = 0,  t h e  cu rve  is a 
l o f t i n g  l i n e .  I f  I D  = 1 ,  t h e  cu rve  is a s l o p e  c o n t r o l  l i n e .  LNO d e f i n e s  
which l o f t i n g  or s l o p e  c o n t r o l  l i n e  is  be ing  cons ide red .  The l o f t i n g  l i n e s  
are numbered from 1 t o  LOFMX i n  a c lockwise  manner around t h e  c r o s s  s e c t i o n s .  
S lope  c o n t r o l  l i n e s  are numbered from 1 t o  LOFMX - 1 i n  t h e  same c lockwise  
f a s h i o n .  The re fo re ,  s l o p e  c o n t r o l  l i n e  1 governs  t h e  s l o p e s  o f  t h e  f i r s t  
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segment a t  each c r o s s  s e c t i o n  where t h e  end p o i n t s  are determined from l o f t i n g  
l i n e s  1 and 2;  s l o p e  c o n t r o l  l i n e  2 gove rns  t h e  s l o p e s  of  t h e  second c r o s s -  
s e c t i o n  segments between l o f t i n g  l i n e s  2 and 3;  and so  f o r t h .  I C U R  i d e n t i f i e s  
t h e  t y p e  of c u r v e  f i t  i n t e n d e d  for  t h i s  l o n g i t u d i n a l  segment.  If I C U R  = 1 ,  
t h e  c u r v e  segment is t o  be  a s t r a i g h t  l i n e .  If I C U R  = 0 ,  t h e  c o e f f i c i e n t s  
f o r  an e l l i p t i c a l  segment are t o  be  determined.  
ABCX(1) is t h e  v a l u e  o f  t h e  a b s c i s s a  ( X  c o o r d i n a t e )  of t h e  las t  p o i n t  
on t h e  c u r r e n t  ( I -11 th  l o n g i t u d i n a l  segment. ORD(1) is  e i t h e r  t h e  l a te ra l  
( Y  C o o r d i n a t e )  or v e r t i c a l  ( Z  c o o r d i n a t e )  v a l u e  o f  t h e  end p o i n t  o f  t h e  
( I -11 th  segment. I f  I Y Z  = 1 ,  i t  is  t h e  Y c o o r d i n a t e  and i f  I Y Z  = 2 ,  i t  is 
t h e  Z c o o r d i n a t e .  
I T C I ( I ) ,  C A B X I ( I 1 ,  and CORI(1) d e f i n e  t h e  s l o p e  a t  t h e  l a s t  p o i n t  o f  t h e  
( I - l l t h  c u r v e  segment.  
c o n t r o l  i n p u t  p rov ided  (none ,  a n g l e ,  s l o p e ,  o r  p o i n t  c o o r d i n a t e s )  i n  t h e  same 
manner d e s c r i b e d  f o r  ITCO(I),  CABXO(11 ,  and CORO(1) on card t y p e  4A w i t h  one 
e x c e p t i o n .  If ITCI (1 )  = 0 ,  t h e  s l o p e  a t  t h e  end o f  t h i s  [the ( I - l ) t h ]  seg- 
ment w i l l  b e  set e q u a l  t o  t h e  s l o p e  a t  t h e  beg inn ing  o f  t h e  n e x t  I t h  segment.  
The u s e  o f  t h e  o p t i o n  f o r c e s  l o n g i t u d i n a l  f i r s t  d e r i v a t i v e  c o n t i n u i t y  between 
s u c c e s s i v e  segments.  The program is  s t r u c t u r e d  so t h a t  once a s e t  o f  c o e f f i -  
c i e n t s  f o r  t h i s  segment o f  t h e  c u r v e  p r o j e c t i o n  h a s  been de te rmined ,  a s e a r c h  
is immediately conducted t o  f i n d  a l l  t h e  r e q u i r e d  c r o s s - s e c t i o n  l o c a t i o n s  
between t h e  end p o i n t s .  The segment c o o r d i n a t e s  a t  t h e s e  c r o s s  s e c t i o n s  are 
c a l c u l a t e d  and saved .  Then t h e  las t  p o i n t  o f  t h e  c u r r e n t  segment i s  rese t  as 
t h e  i n i t i a l  p o i n t  o f  t h e  n e x t  segment and t h e  c o e f f i c i e n t s  of  t h e  c u r r e n t  seg- 
ment are dropped. T h e r e f o r e ,  no b l ank  s p a c e s  i n  t h e  l o n g i t u d i n a l  d e f i n i t i o n  
of t h e  c u r v e  p r o j e c t i o n s  can  occur  and NOP - 1 t y p e  4B c a r d s  must be  f u r -  
n i s h e d  i n  o r d e r  of i n c r e a s i n g  l o n g i t u d i n a l  l o c a t i o n s  ( X  v a l u e s ) .  
These p a r a m e t e r s  d e f i n e  t h e  t y p e  o f  l o n g i t u d i n a l  s l o p e  
ITCO(I),  CABXO(I), and C O R O ( 1 )  are  means o f  p r o v i d i n g  t h e  data t o  c o n t r o l  
t h e  i n i t i a l  s l o p e  o f  t h e  n e x t  I t h  segment.  I f  I T C O ( 1 )  = 0 ,  t h e  i n i t i a l  s l o p e  
of t h e  I t h  segment is set  e q u a l  t o  t h e  l a s t  s l o p e  of  t h e  ( 1 - l ) t h  ( o r  c u r r e n t )  
segment 'and CABXO(1) and CORO(1) are i g n o r e d .  T h e r e f o r e ,  I T C O ( 1 )  h a s  t h e  same 
effect on t h e ' f i r s t  d e r i v a t i v e  c o n t i n u i t y  between t h e  ( I - l l t h  and I t h  segments 
as ITCI(1)  = 0.  However, bo th  I T C I ( 1 )  and I T C O ( 1 )  should n o t  be s e t  e q u a l  t o  
z e r o  s i m u l t a n e o u s l y  u n l e s s  a z e r o  s l o p e  i s  i n t e n d e d  f o r  t h e  c o n t i n u i t y  s l o p e  
between t h e s e  segments.  I T C I ( 1 )  0 i n d i c a t e s  t h a t  t h e  s l o p e  c o n t r o l  data are  
c o n t a i n e d  i n  C A B X O ( I 1  and C O R O ( 1 )  and i g n o r e s  CABXI(1) and C O R I ( 1 ) .  Con- 
v e r s e l y ,  ITCO(1) = 0 i n d i c a t e s  t h a t  t h e  s l o p e  c o n t r o l  d a t a  are c o n t a i n e d  i n  
CABXI(1) and CORI(1) w h i l e  CABXO(1)  and C O R O ( 1 )  a re  t o  be i g n o r e d .  S imul t a -  
neous a p p l i c a t i o n  o f  t h e s e  e f fec ts  causes t h e  d e f a u l t  o p t i o n  o f  z e r o  t o  be 
a p p l i e d .  If ITCO # 0 ,  i t s  v a l u e  ( 1 ,  2 ,  o r  3 )  i d e n t i f i e s  t h e  type  of  s l o p e  
i n f o r m a t i o n  c o n t a i n e d  i n  CABXO(1)  and C O R O ( 1 )  i n  t h e  same manner p r e v i o u s l y  
d e s c r i b e d  for  ITCC(I),  C A B X O ( I ) ,  and C O R O ( 1 )  on card t y p e  4A. 
Card V a r i a b l e  name Column(s) Format -
4A I Y  z 
V a r i a b l e  d e s c r i p t i o n  
2 I1 1 :  P r o j e c t i o n  i n  XY p l a n e  ( p l a n  
view).  
2: P r o j e c t i o n  i n  X Z  p l a n e  ( p r o f i l e ) .  
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Card Variable name Column(s) Format 
4A NOP 4 t o  5 I2 
-
ABCX( 1 ) 1 1  to 20 F10.4 
ORD( 1 ) 21 to 30 F10.4 




CABXO( 1 ) 56 to 65 F10.4 
CORO( 1 ) 66 to 75 F10.4 
80 AI 
2 I1 
4 to 5 I2 
Variable description 
Number of points'being input to 
define this curve projection. 
Abscissa (X value) of initial point 
for this lofting o r  slope control 
line projection. 
Ordinate (Y value if IYZ = 1 ;  
Z value if IYZ 2) of initial 
point for this lofting or slope 
control line projection. 
Slope control flag for initial slope 
of the first segment in lofting 
direction. 
0: No slope information is supplied. 
1: CABXO (columns 56 to 65) contains 
value of slope. 
2: CABXO (columns 56 to 65) contains 
angle in degrees, such that the 
Slope = tan [CABXO(I)]. 
3:  Slope control point is supplied 
(abscissa in columns 56 to 65; 
ordinate in columns 66 to 75). 
Either slope, angle, or control point 
abscissa for the initial slope of 
the first segment of the projected 
curve. 
Control point ordinate f o r  the:initial 
slope of the first segment of the 
projected curve. 
Input check symbol. An asterisk (t) 
must be input if IDACHK = 1 on 
card type IB; otherwise, leave 
blank. 
0: Lofting line. 
1: Slope control line. 
Identification number for lofting o r  
slope control line. Lofting lines 
are numbered from 1 to LOFMX in 
clockwise manner from top center 
line. Slope control lines are num- 
bered from 1 to LOFMX - 1 in 
clockwise manner from top center 
line. 
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I -  
ABCX(1) 
ORD(1) 
ITCI ( I) 
- Card Variable name Column(s) 
4B ICUR 7 
11  to 20 
21 to 30 
31 to 32 
ITCO(1) 34 to 35 








Variable description - .  
Segment generation flag in lofting 
0: General second-degree conic. 
1: Straight line. 
direction. 
Abscissa (X value) of end point of 
current lofting o r  slope control 
line projection segment [(I-1 )th 
segment] . 
Ordinate (Y value if IYZ = 1 ,  
Z value if IYZ = 2 )  of end point 
of current lofting or slope control 
line projection segment [(I-1 )th 
segment] . 
Slope control flag for final slope of 
the (I-11th segment in lofting 
direction. Input if ICUR = 0. 
0: Use following slope or default 
(Slope 0) value. 
1: Slope is supplied by CABXI(1) 
(columns 36 to 45) .  
2: Angle in degrees is supplied 
by CABXI(1) (columns 36 
to 45) such that the 
Slope = tan [CABXI(I)] . 
3: Slope control point is supplied. 
CABXI(1) (columns 36 to 45) 
contains the abscissa. CORI(1) 
(columns 46 to 55) contains the 
ordinate. 
Slope control flag for initial slope 
of exit from the Ith segment in 
lofting direction. 
0: Use previous slope o r  default 
(Slope = 0 )  value. 
1: Slope is supplied by CABXO 
(columns 56 to 65). 
2: Angle in degrees is supplied by 
CABXO (columns 56 to 65). 
3: Slope control point is supplied 
(abscissa in columns 56 to 65; 
ordinate in columns 66 to 75). 
Either slope, angle, or control point 
abscissa for final slope of the 
(1-l)th lofting o r  slope control 
line segment. 
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Card V a r i a b l e  name Column(s) Format ~- V a r i a b l e  d e s c r i p t i o n  
4B C O R 1  ( I  46 t o  55 F10.4 Con t ro l  p o i n t  o r d i n a t e  for t h e  f i n a l  
s l o p e  of t h e  I t h  l o f t i n g  o r  s l o p e  
con t ro l  l i n e  segment. 
CABXO( I )  56 t o  65 F10.4 E i t h e r  s l o p e ,  angle,  o r  c o n t r o l  p o i n t  
a b s c i s s a  for i n i t i a l  s l o p e  of t h e  
I t h  l o f t i n g  or  s l o p e  c o n t r o l  l i n e  
segment . 
CORO( I )  66 t o  75 F10.4 C o n t r o l  p o i n t  o r d i n a t e  fo r  i n i t i a l  
s l o p e  of t h e  I t h  l o f t i n g  or s l o p e  
c o n t r o l  l i n e  segment.  
Card Set 5: Long i tud ina l  Lof t ing  I n p u t  
T h i s  ca rd  s e t  c o n t a i n s  t h e  in fo rma t ion  f o r  c o n t r o l l i n g  t h e  numer ica l  
model by supp ly ing  t h e  p r o j e c t i o n  p o i n t s  o f  t h e  l o f t i n g  and/or  s l o p e  c o n t r o l  
l i n e s  a t  each c r o s s - s e c t i o n  l o c a t i o n  p r e s c r i b e d  on c a r d  t y p e  I C .  No a n a l y t i c  
d e f i n i t i o n  of  t h e  l o n g i t u d i n a l  cu rve  p r o j e c t i o n s  is  c a l c u l a t e d  so i n t e r m e d i a t e  
c r o s s  s e c t i o n s  cannot  b e  de te rmined .  However, t h e  same c o n t r o l  ove r  t h e  i n d i -  
v i d u a l  c r o s s  s e c t i o n s  a s  t h a t  d e s c r i b e d  fo r  t h e  complete  l o f t i n g  i n p u t  mode 
can be  a p p l i e d .  But u n l i k e  t h e  complete  l o f t i n g  i n p u t  mode, t h e  l o f t i n g  and 
s l o p e  c o n t r o l  l i n e  p r o j e c t i o n  d a t a  must be  provided  i n  t h e  o r d e r  i l l u s t r a t e d  
i n  f i g u r e  37. The p r o j e c t i o n  of t h e  first l o f t i n g  l i n e  (upper  f u s e l a g e  c e n t e r  
l i n e )  i n  t h e  XY p l a n e  must be  d e f i n e d  f irst  and t h e  Y c o o r d i n a t e s  (p l an fo rm)  
must be provided  f o r  each c r o s s - s e c t i o n  l o c a t i o n  i n  o r d e r  of i n c r e a s i n g  X 
( X ( I ) ,  I = 1 , N X S  p r e s c r i b e d  on c a r d  t y p e  I C ) .  The p r o j e c t i o n  o f  t h e  first 
l o f t i n g  l i n e  ( s t i l l  upper  f u s e l a g e  c e n t e r  l i n e )  i n  t h e  XZ p l a n e  is  d e f i n e d  
n e x t  and Z c o o r d i n a t e s  ( p r o f i l e )  must be provided  f o r  each  c r o s s  s e c t i o n .  
The p r o j e c t i o n s  of t h e  first s l o p e  c o n t r o l  l i n e  i n  t h e  XY and X Z  p l a n e s  are 
d e f i n e d  n e x t .  Th i s  order  of  i n p u t  is  main ta ined  fo r  t h e  second,  t h i r d ,  . . ., 
e t c . ,  l o f t i n g  and s l o p e  c o n t r o l  l i n e s  u n t i l  LOFMX = 1 sets have been com- 
p l e t e d .  S ince  t h e  number of s l o p e  c o n t r o l  l i n e s  is a lways  one less than  t h e  
number of l o f t i n g  l i n e s ,  t h e  l a s t  se t  o f  d a t a  c o n t a i n s  on ly  t h e  XY and X Z  
p l a n e  p r o j e c t i o n s  of t h e  f i n a l  l o f t i n g  l i n e .  Th i s  i n p u t  o p t i o n  i s  a c t i v a t e d  
by s e t t i n g  INC(1) = 1 .  
Card Var i ab le  name Column(s) Format V a r i a b l e  d e s c r i p t i o n  
O m i t  t h i s  ca rd  se t  i f  I N C ( 1 )  # 1 .  
5 A  Y L ( 1 ,  J )  1 t o  80  8F10.4 Y v a l u e s  of t h e  I t h  l o f t i n g  l i n e  a t  
J t h  cross sec t ions .  Repeat  t h i s  
c a r d  u n t i l  J = N X S .  
5B Z L ( 1 ,  J) 1 t o  80  8F10.4 Z v a l u e s  of t h e  I t h  l o f t i n g  l i n e  a t  
J t h  cross  s e c t i o n s .  Repeat t h i s  
c a r d  u n t i l  J = NXS. 
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Card V a r i a b l e  name Column(s) Format V a r i a b l e  d e s c r i p t i o n  
5c YSL(1, J )  . I  t o  80 8F10.4 Y v a l u e s  o f  t h e  I t h  s l o p e  c o n t r o l  
l i n e  a t  J t h  c r o s s  s e c t i o n s .  Repeat 
t h i s  c a r d  u n t i l  J = N X S .  
5D ZSL(1, J )  1 t o  80 8F10.4 Z v a l u e s  o f  t h e  I t h  s l o p e  c o n t r o l  
l i n e  a t  J t h  cross  s e c t i o n s .  Repeat 
t h i s  c a r d  u n t i l  J = N X S .  
Repeat c a r d  set  5 u n t i l  I = LOFMX - 1 .  Then r e p e a t  
cards 5A and 5B f o r  I = LOFMX. 
Card Set 6: Cross -Sec t iona l  L o f t i n g  I n p u t  
T h i s  i n p u t  o p t i o n  p r o v i d e s  t h e  c a p a b i l i t y  f o r  a c c e p t i n g  l o f t i n g  and s l o p e  
c o n t r o l  p o i n t  d a t a  from c r o s s - s e c t i o n  s k e t c h e s .  The b a s i c  d i f f e r e n c e  between 
t h i s  o p t i o n  and t h e  one d e s c r i b e d  f o r  c a r d  s e t  5 is simply t h e  o r d e r  o f  i n p u t .  
The d a t a  f o r  a l l  l o f t i n g  and s l o p e  c o n t r o l  p o i n t s  are  provided f o r  one c r o s s  
s e c t i o n  b e f o r e  p roceed ing  t o  t h e  n e x t .  T h e i r  o r d e r  o f  i n p u t  i s  t h e  same as  
l i s t e d  on card t y p e  I C .  The same c lockwise  from t o p  c e n t e r - l i n e  numbering o f  
t h e  l o f t i n g  and s l o p e  c o n t r o l  l i n e s  is  r e t a i n e d .  The i n p u t  i s  p rov ided  i n  
lateral  and v e r t i c a l  ( Y  and Z) c o o r d i n a t e  p a i r s  as i n d i c a t e d  i n  f i g u r e  38. 
For  t h e  J t h  c r o s s  s e c t i o n ,  t h e  c o o r d i n a t e s  o f  t h e  first l o f t i n g  p o i n t ,  
[YL(I , J )  , Z L ( 1  , J ) ] ,  are i n p u t  f irst ,  t h e  c o o r d i n a t e s  o f  t h e  f irst  s l o p e  c o n t r o l  
p o i n t ,  [YSL(l , J ) , Z S L ( I  , J ) ] ,  are i n p u t  n e x t ;  t h e n  t h e  c o o r d i n a t e s  o f  t h e  sec- 
ond l o f t i n g  p o i n t ,  [YL(2, J )  ,ZL(2, J)] , and t h e  second s l o p e  c o n t r o l  p o i n t ,  
cYSL(2, J )  ,ZSL(2, J)] , are i n p u t ,  r e s p e c t i v e l y .  The p r o c e s s  is r e p e a t e d  u n t i l  
LOFMX l o f t i n g  p o i n t s  and LOFMX - 1 s l o p e  c o n t r o l  p o i n t s  have been p rov ided .  
The e n t i r e  c y c l e  is  r e p e a t e d  f o r  each o f  t h e  N X S  c r o s s - s e c t i o n  l o c a t i o n s  i n d i -  
c a t e d  on card t y p e  I C .  Th i s  i n p u t  o p t i o n  is  a c t i v a t e d  by s e t t i n g  I N C ( 1 )  = 3. 
Card Variable name Column(s) Format V a r i a b l e  d e s c r i p t i o n  
6A [ Y L ( I ,  J ) ,  1 t o  80 2(4F10.4)  Y and Z v a l u e s  o f  t h e  first l o f t i n g  
Z L ( 1 ,  J ) ,  p o i n t  and t h e  first s l o p e  c o n t r o l  
YSL(1, J ) ,  p o i n t  f o r  t h e  J t h  c r o s s  s e c t i o n .  
Z L ( 1 ,  J)] I i n c r e a s e s  i n  t h e  c lockwise  
d i r e c t i o n  beg inn ing  a t  t o p  c e n t e r  
l i n e .  Repeat c a r d  6A u n t i l  LOFMX 
l o f t i n g  p o i n t s  and LOFMX - 1 
s l o p e  c o n t r o l  p o i n t s  have been 
i n p u t .  
Repeat ca rd  s e t  6 f o r  J = 1 , N X S .  
Card Set  7: Point-by-Point  I n p u t  
T h i s  c a r d  s e t  c o n t a i n s  t h e  i n f o r m a t i o n  f o r  c o n t r o l l i n g  t h e  numerical  
model t h rough  t h e  point-by-point  i n p u t  mode. The d a t a  are r e a d  by c r o s s  
30 
s e c t i o n s  co r re spond ing  t o  t he  X l o c a t i o n s  p r e s c r i b e d  on c a r d  t y p e  I C .  The 
c r o s s  s e c t i o n s  are d e f i n e d  by l a te ra l  and v e r t i c a l  (XY) c o o r d i n a t e  p a i r s ,  
[YL( I , J ) ,ZL( I , J ) ]  , a s  i n d i c a t e d  i n  f i g u r e  39. The c r o s s - s e c t i o n  c o u n t e r  f o r  
t h i s  i n p u t  is I. Four c o o r d i n a t e  p a i r s  p e r  c a r d  ( t y p e  7A) are i n p u t  u n t i l  
J = NSS number o f  p o i n t s  have been provided f o r  t h e  I t h  c r o s s  s e c t i o n .  The 
p r o c e s s  is then  r e p e a t e d  u n t i l  t h e  I = NXS c r O s s  s e c t i o n s  a t  l o c a t i o n s  pre-  
s c r i b e d  on c a r d  t y p e  I C  have been d e f i n e d .  I n t e r m e d i a t e  v a l u e s  on t h e  numeri- 
ca l  model canno t  be  determined i n  e i t h e r  t h e  l o n g i t u d i n a l  o r  c r o s s - s e c t i o n  
d i r e c t i o n s  when t h i s  i n p u t  mode is employed. T h i s  o p t i o n  is a c t i v a t e d  by 
s e t t i n g  I N C ( 1 )  = 2. 
Card V a r i a b l e  name Column( s )  Format V a r i a b l e  .. -~ d e s c r i p t i o n  
O m i t  t h i s  c a r d  s e t  i f  INC(1) f 2. 
7A [YL(I, J ) ,  1 t o  80 4(2F10.4) Y and Z v a l u e s  o f  t h e  I t h  c r o s s  
Z L ( 1 ,  J)] s e c t i o n .  J i n c r e a s e s  i n  t h e  
c lockwise  d i r e c t i o n  beg inn ing  a t  
t h e  f u s e l a g e  t o p  c e n t e r  l i n e .  
Repeat f o r  J = 1,NSS. 
Repeat c a r d  set  7 for I = 1,NXS. 
Card S e t  8: Aero/Propuls ion S u r f a c e  I n p u t  
T h i s  c a r d  set  c o n t a i n s  i n f o r m a t i o n  t o  c o n t r o l  t he  f u s e l a g e  geometry sub- 
tended by a p r o p u l s i o n  system mounted a l o n g  t h e  bottom c e n t e r  l i n e  o f  t h e  
f u s e l a g e .  Th i s  is  the  s p e c i a l i z e d  a e r o / p r o p u l s i o n  o p t i o n  p r e v i o u s l y  d e s c r i b e d  
i n  t h e  s e c t i o n  " A u x i l i a r y  Fuse lage  Geometry . I 1  Only t h e  planform p r o j e c t i o n  
( X Y  p l a n e )  of  t h e  p r o p u l s i o n  s y s t e m  i s  r e q u i r e d  as i n p u t .  The t r u e  t h r e e -  
d imens iona l  s u r f a c e  c r e a t e d  by t h e  p r o j e c t i o n  o f  t h i s  planform o n t o  t h e  fuse -  
lage geometry is c a l c u l a t e d .  Three t y p e s  o f  card i n p u t  as i l l u s t r a t e d  i n  
f i g u r e  40 are r e q u i r e d  f o r  t h i s  o p t i o n .  Card t y p e  8 A  c o n t a i n s  t h e  d a t a  f o r  
c o n t r o l l i n g  t h e  d i s t r i b u t i o n  of  t h e  elements on t h i s  new s u r f a c e  a s  w e l l  a s  
t h e  l o n g i t u d i n a l  and i n i t i a l  l a t e r a l  l i m i t s  o f  i n f l u e n c e  of t h e  p r o p u l s i o n  
system. NESEG d e f i n e s  the  number o f  evenly spaced spanwise s t r i p s  t o  be 
d e f i n e d  on t h i s  new s u r f a c e .  NESEG + 1 even ly  spaced f u s e l a g e  s u r f a c e  p o i n t s  
i n  t h e  c r o s s - s e c t i o n  ( X Y )  p l a n e  w i l l  b e  determined a t  each f u s e l a g e  c r o s s -  
s e c t i o n  l o c a t i o n  subtended by t h e  p r o p u l s i o n  system. I n  a d d i t i o n ,  i f  t h e  
l o n g i t u d i n a l  l o c a t i o n  of t h e  i n l e t  e n t r a n c e  and n o z z l e  e x i t  p l a n e  ( X I N L T  and 
XNOZ,  r e s p e c t i v e l y )  do n o t  c o i n c i d e  w i t h  e s t a b l i s h e d  f u s e l a g e  c r o s s  s e c t i o n s ,  
an i n t e r m e d i a t e  set  of  f u s e l a g e  p o i n t s  w i l l  be determined a t  each of  these 
l o c a t i o n s .  YINLT d e f i n e s  t h e  spanwise l i m i t  o f  t h e  planform a t  t h e  i n l e t  
e n t r a n c e .  The remaining spanwise l i m i t s  o f  t h e  p r o p u l s i o n  s y s t e m  planform are 
a u t o m a t i c a l l y  determined from t h e  c u r v e  c o e f f i c i e n t s .  
Card t y p e  8 B  c o n t a i n s  t h e  data t o  c o n t r o l  t h e  amount of  i n p u t  t o  be sup- 
p l i e d ,  t h e  p r i n t e d  o u t p u t  r e q u i r e m e n t s ,  and t h e  data r e q u i r e d  t o  d e f i n e  t h e  
i n i t i a l  c o n d i t i o n s  a t  t h e  f irst  p o i n t  on the  f i r s t  segment o f  t h e  p r o p u l s i o n  
planform. NOP d e f i n e s  t h e  number o f  p o i n t s  b e i n g  s u p p l i e d  t o  c a l c u l a t e  the  
c o e f f i c i e n t s  f o r  t h e  NOP - 1 segments which make up t h e  p r o j e c t i o n  of  t h e  
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planform. The same t e c h n i q u e  is employed f o r  t h i s  p r o j e c t i o n  a s  t h a t  d e s c r i b e d  
i n  c a r d  se t  4 for  t h e  l o f t i n g  and s l o p e  c o n t r o l  l i n e s .  IPRT = 0 c a u s e s  a l l  
p r i n t o u t  f o r  t h i s  o p t i o n  t o  b e  bypassed.  IPRT = 1 causes a p r i n t o u t  o f  t h e  
segment c o e f f i c i e n t s ,  t h e  c o o r d i n a t e s  o f  t h e  new surface,  and t h e  runn ing  
l e n g t h s  c a l c u l a t e d  a l o n g  t h e  f u s e l a g e  ahead o f  t h i s  surface f o r  u se  i n  s k i n -  
f r i c t i o n  c a l c u l a t i o n s .  The r ema in ing  p a r a m e t e r s  on t h i s  c a r d ,  ABCX(l), ORD(l), 
ITCO(I) ,  CABXO(I), and CORO(I), are i d e n t i c a l  i n  i n p u t  and i n f l u e n c e  t o  t h e  
same v a r i a b l e s  d e s c r i b e d  f o r  c a r d  t y p e  4A. 
Card t y p e  8 C  c o n t a i n s  t h e  i n f o r m a t i o n  f o r  i d e n t i f y i n g  t h e  segment of t h e  
p r o p u l s i o n  planform, t h e  t y p e  o f  c u r v e  segment b e i n g  f i t t e d ,  and t h e  p o i n t  and 
s l o p e  d a t a  a b o u t  t h e  l a s t  p o i n t  on t h e  I t h  segment.  NSEG is  t h e  number o f  t h e  
segment c o u n t i n g  from t h e  i n l e t  s t a t i o n  toward t h e  rear o f  t h e  f u s e l a g e .  I C U R ,  
ABCX(I), O R D ( I ) ,  I T C I ( I ) ,  ITCO(I),  CABXI(I), C O R I ( I ) ,  CABXO(I), and C O R O ( 1 )  
are comple t e ly  e q u i v a l e n t  i n  i n p u t  and a p p l i c a t i o n  t o  t h e  same v a r i a b l e s  a s  
l i s t e d  on ca rd  t y p e  4B. 
Card V a r i a b l e  name Column(s) Format 
O m i t  t h i s  c a r d  s e t  
8A NESEG 2 t o  3 
XINLT 6 t o  15 
XNO Z 16 t o  25 
YINLT 31 t o  40 
8 B  NO P 2 t o  3 
I P R T  5 
A B C X (  1 ) 6 t o  15 




I 2  
I 1  
F10.4 
V a r i a b l e  d e s c r i p t i o n  
f o r  INC(4) # 1 .  
Number o f  evenly spaced spanwise 
s t r i p s  t o  be  d e f i n e d  on t h i s  new 
s u r f a c e .  
L o n g i t u d i n a l  l o c a t i o n  o f  t h e  i n l e t  
e n t r a n c e  p l a n e .  
Long: tudinal  l o c a t i o n  o f  t h e  nozz le  
e x i t  p l a n e .  
Spanwise l i m i t  o f  t h e  planform a t  
t h e  i n l e t  e n t r a n c e .  
Number o f  p o i n t s  be ing  s u p p l i e d  t o  
c a l c u l a t e  c o e f f i c i e n t s .  
P r i n t  segment c o e f f i c i e n t s ,  c o o r d i -  
n a t e s  o f  t h e  new s u r f a c e ,  and t h e  
runn ing  l e n g t h s .  
0: No 
1: Yes 
Abscissa ( X  v a l u e )  o f  i n i t i a l  p o i n t  
f o r  t h e  s u r f a c e  planform p r o j e c t i o n  
i n  t h e  X Y  p l a n e .  
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Card V a r i a b l e  name Column(s) Format 
8B  ORD( 1 16 t o  25 F10.4 
I~ 
ITCO( 1 ) 29 t o  30 I 2  
CABXO( 1 ) 51 t o  60 F10.4 
CORO( 1 ) 61 t o  70 F10.4 
8 C  NSEG 2 t o  3 I 2  
I C U R  5 I 1  
A B C X ( 1 )  6 t o  15 F10.4 
O R D ( 1 )  16 t o  25 F10.4 
V a r i a b l e  de s c r i p  t i o n  
O r d i n a t e  (Y v a l u e )  of  i n i t i a l  p o i n t  
f o r  t h e  surface planform p r o j e c t i o n  
i n  t h e  XY p l a n e .  
S lope  c o n t r o l  f l a g  f o r  t h e  i n i t i a l  
s l o p e  i n  t h e  cu rve  p r o j e c t i o n .  
0: No s l o p e  in fo rma t ion  is  s u p p l i e d .  
1:  CABXO(1)  (columns 51 t o  60)  con- 
t a i n s  t h e  v a l u e  o f  s l o p e .  
2: CABXO(1)  (columns 51 t o  60)  con- 
t a i n s  a n g l e  of d e g r e e s  such t h a t  
t h e  S lope  = t a n  [CABXO(l 13. 
CABXO(1)  (columns 51 t o  60)  
c o n t a i n s  t h e  a b s c i s s a  and 
C O R O ( 1 )  (columns 61 t o  7 0 )  
c o n t a i n s  t h e  o r d i n a t e .  
3: S l o p e  c o n t r o l  p o i n t  i s  s u p p l i e d .  
E i t h e r  s l o p e ,  a n g l e ,  o r  c o n t r o l  p o i n t  
a b s c i s s a  f o r  t h e  i n i t i a l  s l o p e  o f  
t h e  f i r s t  segment of  t h e  cu rve  
p r o j e c t i o n .  
Con t ro l  p o i n t  o r d i n a t e  f o r  i n i t i a l  
s l o p e  o f  t h e  first segment o f  c u r v e  
p r o j e c t i o n .  
Number o f  t h e  segment be ing  f i t t e d .  
Segment g e n e r a t i o n  f l a g  i n  l o f t i n g  
0: General  second-degree c o n i c .  
1: S t r a i g h t  l i n e .  
d i r e c t i o n .  
Absc issa  ( X  v a l u e )  o f  end p o i n t  of 
c u r r e n t  l o f t i n g  l i n e  p r o j e c t i o n  
segment [(I-1 ) t h  segment]. 
Ord ina te  (Y. v a l u e )  of  end p o i n t  o f  
c u r r e n t  l o f t i n g  l i n e  p r o j e c t i o n  
segment [( 1-1 t h  segment] . 
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Card V a r i a b l e  name Column(s) Format - V a r i a b l e  d e s c r i D t i o n  
8C ITCI(1)  26 t o  27 I 2  S lope  c o n t r o l  f lag for  f i n a l  s l o p e  of 
t h e  ( I - l l t h  segment i n  l o f t i n g  
d i r e c t i o n .  I n p u t  i f  I C U R  = 0. 
0: Use f o l l o w i n g  s l o p e  or d e f a u l t  
1 :  S l o p e  i s  s u p p l i e d  by CABXI(1) 
2: Angle i n  d e g r e e s  is  s u p p l i e d  by 
( S l o p e  = 0 )  v a l u e .  
(columns 31 t o  4 0 ) .  
CABXI(1) (columns 31 t o  40) such 
t h a t  t h e  
CABXI(1) (columns 31 t o  40) 
c o n t a i n s  t h e  abscissa, C O R I  
(columns 41 t o  5 0 )  t h e  o r d i n a t e .  
S l o p e  = t a n  [CABXI(I)]. 
3: S lope  c o n t r o l  p o i n t  is  s u p p l i e d .  
I T C O  ( I )  
CABXI ( I  ) 
C O R I  ( I  ) 
CABXO ( I 
COR0 ( I)  
29 t o  30 I 2  S lope  c o n t r o l  f l ag  f o r  i n i t i a l  s l o p e  
o f  t h e  I t h  segment i n  l o f t i n g  
d i r e c t i o n .  
31 t o  40 F10.4 E i t h e r  s l o p e ,  a n g l e ,  o r  c o n t r o l  p o i n t  
abscissa f o r  f i n a l  s l o p e  o f  t h e  
( I - 1 1 t h  segment o f  t h i s  l o f t i n g  
l i n e  p r o j e c t i o n  ( I t h  segmen t ) .  
41 t o  50 F10.4 C o n t r o l  p o i n t  o r d i n a t e  f o r  f i n a l  
s l o p e  o f  t h e  ( I -11 th  approach t o  
l o f t i n g  l i n e  p r o j e c t i o n  segment.  
51 t o  60 F10.4 E i t h e r  s l o p e ,  a n g l e ,  o r  c o n t r o l  p o i n t  
a b s c i s s a  f o r  i n i t i a l  s l o p e  o f  t h i s  
l o f t i n g  l i n e  p r o j e c t i o n  segment 
( I t h  segmen t ) .  
61 t o  70 F10.4 C o n t r o l  p o i n t  o r d i n a t e  f o r  i n i t i a l  
s l o p e  o f  t h i s  l o f t i n g  l i n e  p r o j e c -  
t i o n  segment ( I t h  segment) .  
INPUT FOR PLANAR-SURFACE GEOMETRY G E N E R A T I O N  (WINGS, TAILS, ETC.)  
A s  p r e v i o u s l y  mentioned t h e  wing,  c a n a r d ,  h o r i z o n t a l  t a i l ,  and f i n  geom- 
etries are g e n e r a t e d  i n  t h e  same manner. The f o l l o w i n g  i n p u t  d e s c r i p t i o n  
a p p l i e s  t o  a l l  t h e s e  components u n l e s s  o t h e r w i s e  s p e c i f i e d .  
A l l  i n p u t  v a l u e s  f o r  t h e s e  components are e n t e r e d  through t h e  FORTRAN 
Namelist W I N G  w i t h  t h e  e x c e p t i o n  o f  t h e  a r b i t r a r y  a i r f o i l  o p t i o n  i n p u t  and t h e  
manual o p t i o n  i n p u t .  Most o f  t h e  Namelist v a r i a b l e s  are p r e s e t  t o  nominal 
v a l u e s ,  which shou ld  r educe  t h e  actual number o f  Namelist e n t r i e s  t h a t  t h e  
user must make. F i g u r e  41 shows i n  f low c h a r t  form t h e  o p t i o n s  t h a t  are  a v a i l -  
able and t h e  i n p u t  p a r a m e t e r s  a s s o c i a t e d  w i t h  them. 
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Namelist WING 
- Item Variable name Type Variable description 
(1)  IHPUT Integer Geometry input flag. 
1: Generate component geometry (default). 
2: Component geometry will be hand input. 
(See description for manual input.) 
Area input 
Omit items ( 2 )  and (3) if ( 4 )  and (5) are 
input . 
(2) AW 
( 3 )  ARW 
Real True surface area of component. Default: 
AW = 0. 
Real Aspect ratio, BW2/AW. Default: ARW = 1.  
Refer to figure 9 for items (4) to (12). 
Planform input 
Omit items ( 4 )  and ( 5 )  if ( 2 )  and ( 3 )  have 
been input. 
( 4 )  BW 
( 5 )  CRW 
(6) BIBW 
(7 )  TRW 






( 9 )  SWELG Real 
(10) sw1 
( 1 1 )  ANGR 
Real 
Real 
Total span. Exception: fin - distance from 
root chord to tip chord. 
Root chord. Default: CRW = 0. 
Ratio of breakpoint to span, BIBW. 
Default: BIBW = 0. 
Taper ratio, CTW/CRW. Default: TRW = 0. 
Leading-edge sweep angle of a single-paneled 
surface or the second leadine-edge sweep 
angle of a two-paneled surface, degrees. 
No default. 
First leading-edge sweep angle of a two- 
paneled surface, degrees. Default: 
SWELG = SWEOB. Omit for a single-paneled 
surface. 
First. trailing-edge sweep angle of a two- 
paneled surface, degrees. Omit for a 
single-paneled surface. Default: SW1 = 90. 
Span-line deflection at the root chord, 
degrees. Default: ANGR = 0. 
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Item V a r i a b l e  name TYP e V a r i a b l e  d e s c r i p t i o n  
(12) ANGT Real Span- l ine  d e f l e c t i o n  a t  t h e  t i p  c h o r d ,  
Airfoil 
-
d e g r e e s .  Defaul t :  ANGT = 0.  
(131 I C H R D  I n t e g e r  A i r f o i l  shape  f lag.  
3 :  Slab - s ided  a i r f o i l  s e c t i o n .  ( D e f a u l t )  
2: Circular-arc a i r f o i l  s e c t i o n .  
3: A r b i t r a r y  a i r f o i l .  (See d e s c r i p t i o n  f o r  
a r b i t r a r y  a i r f o i l  i n p u t . )  
Refer t o  f i g u r e  10 f o r  items ( 1 4 )  and ( 1 5 ) .  
O m i t  items ( 1 4 )  and ( 1 5 )  f o r  I C H R D  # 1 .  
(14 )  XWD 1 
(15)  XWD2 
Pane l  s p a c i n g  
( 1 6 )  NYU 
( 1 7 )  NXU 
( 1 8 )  NSPACE 
( 1 9 )  NPCU 
Real S t a r t  of f l a t  s e c t i o n  o f  s l a b  a i r f o i l .  
D e f a u l t :  XWDI = 0 . 5 .  
Real End o f  f l a t  s e c t i o n  of  s l a b  a i r f o i l .  
D e f a u l t :  XWD2 = 0 .  
I n t e g e r  Number of  spanwise chord s t a t i o n s .  
2 5 N Y U  5 19. D e f a u l t :  NYU = 10. 
I n t e g e r  Number of l o n g i t u d i n a l  s t a t i o n s  a l o n g  chord .  
2 5 NXU 6 30. D e f a u l t :  NXU = 10. 
I n t e g e r  P o i n t  r e d i s t r i b u t i o n  f l a g .  
1 :  Do n o t  r e d i s t r i b u t e  i n p u t  o r  g e n e r a t e d  
s u r f a c e  p o i n t s .  ( D e f a u l t )  
2: R e d i s t r i b u t e  s u r f a c e  p o i n t s  t o  be e q u a l l y  
spaced i n  t h e  chordwise d i r e c t i o n .  
NSPACE = 2 i s  n o t  recommended f o r  any a i r -  
f o i l  w i t h  chordwise b r e a k p o i n t s  as  t h e  
r e s p a c i n g  may s k i p  o v e r  t h e  d i s c o n t i n u i t i e s .  
T h i s  o p t i o n ,  however, would be conven ien t  
i f  a n  a r b i t r a r y  a i r f o i l  i s  i n p u t  w i t h  a 
c o n c e n t r a t i o n  o f  p o i n t s  a t  t h e  l e a d i n g  edge. 
The s e t  of  leading-edge p o i n t s  is a v a i l a b l e  
f o r  leading-edge d e t a i l ,  t hen  w i t h  
NSPACE = 2 ,  N X U  number o f  p o i n t s  can be 
e q u a l l y  spaced.  
I n p u t  items ( 1 9 )  and ( 2 0 )  i f  I C H R D  = 3. 
I n t e g e r  Number of i n p u t  chord used t o  d e s c r i b e  t h e  
upper s u r f a c e  o f  a n  a r b i t r a r y  a i r f o i l .  
2 5 NPCU 5 30. 
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. 
Item V a r i a b l e  name 
( 2 0 )  NPCL 
(21 1. ITEETH 
Leading-edge r a d i u s  
(22 1 I R A D E  
( 2 3 )  RADE 
Type 
Integer 
I n t e g e r  
I n t e g e r  
Real 
V a r i a b l e  d e s c r i D t i o n  
Number o f  i n p u t  chords  used t o  d e s c r i b e  t h e  
lower s u r f a c e  of an  a r b i t r a r y  a i r f o i l .  
2 5 NPCL 5 30. 
Def ine  wing t i p  w i t h  a chord p l a n e .  
0: No ( D e f a u l t )  
1: Yes 
Leading-edge r a d i u s  f lag .  
0: Zero leading-edge r a d i u s .  ( D e f a u l t )  
1: Leading-edge r a d i u s  c o n s t a n t  f o r  e n t i r e  
s u r f a c e .  
2: Leading-edge r a d i u s  p r o p o r t i o n a l  t o  each  
chord .  (Radius  v a r i e s  w i t h  chord 
l e n g t h .  ) 
Leading-edge r a d i u s .  I n p u t  f o r  I R A D E  # 0.  
( i )  I n p u t  a b s o l u t e  v a l u e  f o r  I R A D E  = 1. 
( i i )  i n p u t  f r a c t i o n  of chord  l e n g t h  f o r  
I R A D E  = 2.  
F l a p  and al l -movable  c o n t r o l  s u r f a c e  
Refer t o  f i g u r e  16 f o r  items ( 2 4 )  t o  ( 3 2 ) .  
(24 )  ICON I n t e g e r  Con t ro l  s u r f a c e  f lag.  
0: Do n o t  compute a c o n t r o l  s u r f a c e .  
1 :  Compute a c o n t r o l  s u r f a c e .  
2: T h i s  component is  a n  al l -movable  c o n t r o l  
( D e f a u l t  1 
s u r f a c e .  
O m i t  items (25)  t o  (32 )  i f  I C O N  = 0 .  
(25 1 NPHX I n t e g e r  Number of lead ing-edge  p o i n t s  n o t  t o  b e  
r e spaced .  The c o n t r o l  s u r f a c e  o p t i o n  w i l l  
n o t  relocate t h e  first NPHX p o i n t s  i n  
r e s p a c i n g  spanwise p o i n t s  such as on t h e  
l e a d i n g  edge.  Fo r  t h e  au tomat i c  mode 
(IHPUT = 1 )  and I C H R D  = 1 o r  2 ,  NPHX is  
a u t o m a t i c a l l y  se t  e q u a l  t o  t h e  number o f  
leading-edge p o i n t s .  Use t h i s  o p t i o n  o n l y  
f o r  I C O N  = 1. 
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Item Variable name Type V a r i a b l e  d e s c r i p t i o n  
(26) IFLAP I n t e g e r  Con t ro l  s u r f a c e  a r r a y  f lag.  
- .- 0: C o n t r o l  s u r f a c e  a r r a y  w i l l  n o t  be saved  
i n  a s e p a r a t e  a r r a y .  ( D e f a u l t )  
'I: C o n t r o l  s u r f a c e  a r r a y  g e n e r a t e d .  F l a p s  
, are set  t o  Oo. DELFU' = DELFL = 0.  
(27 1 XCOR 
( 2 8 )  XCOT 
(29 )  DELF U 
(30 )  DELFL 
Real 1 Hinge- l ine  p o s i t i o n  a l o n g  root chord as  a 
f r a c t i o n  of chord l e n g t h .  
Real Hinge- l ine  p o s i t i o n  a l o n g  t i p  chord  as  a 
I f r a c t i o n  of chord l e n g t h .  
Real Upper c o n t r o l  s u r f a c e  d e f l e c t i o n ,  d e g r e e s ,  
normal t o  t h e  h inge  l i n e  i n  t h e  wing 
s u r f a c e  p l a n e .  P o s i t i v e  d e f l e c t i o n  is  
w i t h  t r a i l i n g  edge down. Defau l t :  
DELFU = DELFL. 
Real Lower c o n t r o l  s u r f a c e  d e f l e c t i o n ,  d e g r e e s ,  
normal t o  t h e  h inge  l i n e  i n  t h e  wing 
s u r f a c e  p l ane .  P o s i t i v e  d e f l e c t i o n  is 
w i t h  t r a i l i n g  edge  down. D e f a u l t :  
DELFL = DELFU. 
(31 1 ZCOR Real Vertical  d i s t a n c e  t o  h i n g e  l i n e  a t  roo t  chord .  
( 3 2 )  ZCOT Real Vertical  d i s t a n c e  t o  h inge  l i n e  a t  t i p  chord .  
Thickness  and camber 
Refer t o  f i g u r e  12 f o r  items (33) and (35) .  
(33) TWRD Real -a r ray  S e c t i o n  t h i c k n e s s  r a t i o  a t  span l o c a t i o n  
Y T H K ( I ) ,  I = 1 ,20 .  If  TWRD is c o n s t a n t ,  
o n l y  one v a l u e  must be  i n p u t .  Defau l t :  
TWRD = 0.05.  
(34 1 Y THK Real -a r ray  Spanwise l o c a t i o n s  o f  i n p u t  t h i c k n e s s  and 
camber r a t i o s ,  TWRD and TCD. Table  must 
be  i n  a scend ing  o r d e r .  If TWRD and TCD 
are  i n p u t  as  c o n s t a n t s ,  omit YTHK. 
( 3 5 )  TCD R e a l - a r r a y '  Mean camber l i n e  t h i c k n e s s  r a t i o  a t  s t a t i o n  
Y T H K ( 1 ) .  If TCD i s  c o n s t a n t ,  o n l y  one 
v a l u e  must be i n p u t .  Defau l t :  TCD = 0. 
Dihedra l  
Refer t o  f i g u r e  17 f o r  items (36)  t o  ( 4 0 ) .  
Item Variable name Type 














1: Compute leading-edge dihedral. Input 
2: Input leading-edge dihedral. Input 
AWR, AWT. (Default) 
YDIH, ZDId. 
Omit items (37) and (38) if IDIHE = 2. 
Dihedral angle at surface root, degrees. 
Default: AWR = 0. 
Dihedral angle at surface tip, degrees. 
Default: AWT = 0. 
Omit items (39) and (40) if IDIHE = 1 .  
Leading-edge dihedral Y coordinates 
in ascending order; that is, 
YDIH(1) L YDIH(1 - I ) ,  2 5 I S 20. 
Leading-edge dihedral Z coordinates 
corresponding to YDIH. 
Twist angle, degrees. Positive trailing 
edge rotated down at tip. Default: 
TWISTX = 0. See figure 18. 
Translation and rotation 
Translation occurs before rotation. 




(45 )  THETA 
Real Translation in X direction (longitudinal). 
Default: XW1 = 0. 
Real Translation in Y direction ('lateral). 
Default: YBR = 0. 
Real Translation in Z direction (vertical). 
Default: ZBR = 0. 
Real Roll angle, degrees, about the rotation point 
(XROTAT, YROTAT, ZROTAT). Positive roll, 
wing tip up. 
Defaults: THETA = 0. (Wing, canard, 
horizontal tail) 
THETA = 90 .  (Fin) 
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Item Variable name Type Variable description 
( 4 6 )  ALPHA Real Pitch angle, degrees, about the rotation point 
- .1 (XROTAT , YROTAT , ZROTAT) . Positive leading 
'edge up. Default: ALPHA = 0. 
(47 )  BETA 
( 4 9 )  YROTAT 
(50)  ZROTAT 
Reference length 
(51) REFLW 
Real Yaw angle, degrees, about the rotation point 
(XROTAT , YROTAT , ZROTAT) . Positive is 
counterclockwise rotation in the XY plane. 
Default: BETA = 0. 
The rotation point is the point about which 
any r o l l ,  yaw, o r  pitch will occur. 
Real X coordinate of rotation point. 
Default: XROTAT = XWI. 
Real Y coordinate of rotation point. 
Default: YROTAT = YBR. 
Real Z coordinate of rotation point. 
Default: ZROTAT = ZBR. 
Real Reference length of fuselage. This input 
is used to internally scale all sets of 
component geometries to common units. 
Default: REFLW 0. (An input of zero 
indicates that the units of the surface 
are the same as for the fuselage.) 
Merge with fuselage 
( 5 2 )  IMERGE Integer Surface-fuselage intersection flag. 
0: Do not merge component with fuselage. 
- 1 , l :  Find intersection of component with 
fuselage. Default: IMERGE = 1. 
Negative input of IMERGE results in debug 
printing of merging iterations. 
(53) NDEBUG Integer MERGE debug print flag. Omit if IMERGE h 0. 
0 :  Debug printing for all intersections f o r  





Item Variable name Type Variable description 
(54) IPRNT Integer Output control flag. 
1: Do not print output. 
2: Print input and final geometLg. 
(Default 1 
3: Print input, calculated parameters, 
geometry after intermediate manipula- 
tions, and final geometry. 
Arbitrary Airfoil Input 
Omit items (55) to (58)  if ICHRD # 3. These input items must be 
inserted immediately after the Namelist WING. Refer to figure 14. 
Item Variable name Type o r  format Variable description 
(55) XAU 7F10.3 X coordinates of upper airfoil surface. 
Repeat item (55) format until NPCU 
values of XAU have been input. 
(56) ZAU 
( 5 7 )  XAL 
(58) Z AL 
7F10.3 Z coordinates of upper airfoil -surface. 
Repeat item (56) format until NPCU 
values of ZAU have been input. 
7F10.3 X coordinates of lower airfoil surface. 
Repeat item (57) format until NPCL 
values of XAL have been input. 
7F10.3 Z coordinates of lower airfoil surface. 
Repeat item (58) format until NPCL 
values of ZAL have been input. 
Manual Input 
Omit items (59) to (62) if IHPUT # 2. Items (59) to (62) must be 
inserted directly after Namelist WING. Refer to figure 15. 
Item Variable name Format 
(59 1 YW F10.3 
(60) xw 7F10.3 
(61 1 zwu 7F10.3 
Variable description 
Y coordinate of chord station. 
X coordinates of chord station Y = YW from 
leading to trailing edge. Repeat item (60) 
format until NXU values of XW have been input. 
Z coordinates of upper surface corresponding to 
each XW for chord station Y = YW. Repeat 
item ( 6 1 )  format until NXU values of ZWU have 
been input. 
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Item Variable name Format V a r i a b l e  d e s c r i p t i o n  
(62 )  ZWL 7F10.3 Z c o o r d i n a t e s  o f  lower s u r f a c e  co r re spond ing  
t o  each XW f o r  chord s t a t i o n  Y = YW. Repeat 
item ( 6 2 )  fo rma t  u n t i l  NXU v a l u e s  o f  ZWL have 
been i n p u t .  
Repeat sequences o f  items (59)  t o  (62 )  u n t i l  NYU v a l u e s  of chord s t a t i o n s  (YW) 
have been i n p u t .  
CONCLUDING REMARKS 
The FORTRAN program GEMPAK h a s  been used e x t e n s i v e l y  on t h e  C o n t r o l  Data 
6000 Series computers i n  c o n j u n c t i o n  w i t h  i n t e r f a c e s  t o  s e v e r a l  aerodynamic 
and p l o t t i n g  computer programs. There i s  l i t t l e  r e s t r i c t i o n  on t h e  t y p e  of 
c o n f i g u r a t i o n  t h a t  can be i n p u t  and t h e  u s e r  h a s  a wide c h o i c e  of  t h e  amount 
and l o c a t i o n  of geometry d e t a i l  d e s i r e d .  A minimum o f  geometry d e f i n i t i o n  
i n p u t  is r e q u i r e d  and subsequen t  m o d i f i c a t i o n s  o r  r e o r i e n t a t i o n s  of component 
geometry can be accomplished i n d e p e n d e n t l y  o f  a l l  o t h e r  components w i t h  a 
minimum o f  i n p u t  changes.  These c a p a b i l i t i e s  have proven GEMPAK t o  be an 
e f f e c t i v e  a i d  i n  t h e  p r e l i m i n a r y  d e s i g n  phase o f  a i r c ra f t  c o n f i g u r a t i o n s .  
Langley Research Cen te r  
N a t i o n a l  Aeronau t i c s  and Space A d m i n i s t r a t i o n  
Langley F i e l d ,  VA 23665 
August 26,  1977 
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APPENDIX A 
SUMMARY OF PROGRAM ROUTINES AND THEIR FUNCTIONS 
8 
The overlay structure of GEMPAK is illustrated in figure 42. The func- 
tions of each of these routines are briefly outlined here. 
i Routine name Identification Function 
11 
i 
i Overlay (GEM,O,O) GMA Executive routine by which all geometry 
I 
GEMPAK generation routines are called. The 
GEMPAK TITLE CARD and the GEOMETRY 













Scales all existing geometry to a common 
reference length. Generated geometry 
is read from TAPE28 one component at a 
time, scaled, and temporarily stored 
on TAPE38. After all components have 
been scaled, the resulting geometries 
are rewritten on TAPE28. 
This routine computes a tolerance given 
two variables R1 and R2 with the 
number of significant digits set by the 
routine variable ISIG. The magnitude 
of the tolerance is controlled by the 
argument R1. If the absolute differ- 
ence of R1 and R2 is within toler- 
ance, R2 is set equal to R1. This 
routine is used primarily by overlay 
MERGE. 
NASA Langley Research Center Library Sub- 
routine. To interpolate a univariate 
function using conventional first- or 
second-order Lagrangian.interpolation. 
NASA Langley Research Center Library Sub- 
routine. To determine a root of the 
real-valued function F(x) = 0 given a 
specified interval by employing a front 
end seeker and a combination bisection/ 
linear interpolation inverse quadratic 
interpolation iteration technique. 
NASA Langley Research Center Library Sub- 
routine. To find a zero of a function 
which changes sign in a given interval. 
Called by subroutine SECBI. 
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Routine name Identification Function 
ERROR 




ERR0 NASA Langley Research Center Library Sub- 
routine. To test the convergence of 
a computed result based on a relative 
convergence criterion o r  an absolute 
convergence criterion. Called by sub- 
routine ZBRENT. 
A 
Generates fuselage geometry. Fuselage 
input card sets 1 ,  2, 3, 4, 5, 6, and 7 
are read in FUS2. This routine has made 
use of the lofted slope control method 
described in a Grumman geometry package 
(QUICK) (ref. 7 )  and the basic element 
definition scheme defined in a Douglas 
(HABS) Hypersonic Arbitrary-Body System 
(ref. 3). The resulting fuselage geom- 
etry is written in the form of Namelist 
FUSE onto TAPE28 and TAPE38. All fuse- 
lage geometry printout occurs here. 
F2B Determines the necessary slope control 
point (X3,Y3) for a segment from the 
input information. 
F2C Determines the coefficients (A,B,C,D,E,F) 
for the basic second-degree segment 
equa t ion 
Ax2 + Bxy + Cy2 + DX + Ey + F = 0 
Overlay (GEM,I,I) F2D Determines surface areas, cross-sectional 
GOODY areas, volumes, centers of volume, sur- 
face normals, centroids of area, and 
fineness ratio from the basic point 
data array for the fuselage and prints 
these element characteristics, if 




F2E Generates the geometry to be deleted from 
the fuselage to accommodate a scramjet 
and nozzle. Fuselage input card set 8 
is read in ENGOUT. The resulting geom- 
etry is written in Namelist ENGHOL onto 
TAPE28 and TAPE38. 
F2F Determines spanwise coordinates of the 
scramjet engine and nozzle geometry 































Creates engine geometry cross sections 
by interpolation of the fuselage data 
over the projected scramjet package 
boundary. 
Executive routine for planar-surface 
geometry generation. All printout 
occurs here with the exception of input 
printout, intermediate geometry print- 
out, and diagnostics. Resulting geom- 
etries are written in the Namelist form, 
according to the option chosen by user 
(WINGG, CANARD, HT, FIN, FLAP) onto 
TAPE28. 
Sets input defaults and reads all input 
for planar-surface generation. 
Determines values of the default array 
printed along with each planar-surface 
input parameter. A I'Df' following an 
input indicates the user has chosen the 
default input value, a blank indicates 
the value was input by user. 
Prints all input parameters for planar- 
surface generation. 
Generates all planar-surface geometry. 
Solves the exponent for the geometric 
progression used in the leading-edge 
enrichment. 
Rotates a given point in space (x,y,z> 
about the given point (xo,yo,zo). 
Executive routine by which all routines 
necessary to find the intersection of 
a planar surface with the fuselage are 
called. 
Reads selected component geometry from 
TAPE28. 
Insures that the first chord in a planar- 




Rout ine  name I d e n t i f i c a t i o n  Func t ion  
Over lay  (GEM, 3 ,3  1 MGD Reverses  upper  and lower s u r f a c e  geom- 
REVERS e t r ies ,  as r e q u i r e d .  
Over lay  (GEM,3,4) MGE Determines t h e  i n t e r s e c t i o n  of a p l ana r -  





MGF F i n d s  t h e  two-dimensional i n t e r s e c t i o n  
of two g i v e n  l i n e  segments  and d e t e r -  
mines whether  t h e  i n t e r s e c t i o n  l i e s  
w i t h i n  t h e  end p o i n t s  of each of t h e  




Over lay  (GEM,3,5) MG J 
NOINT 
Over l ay '   GEM,^,^) MGK 
ADCHRD 
Given one o r  two c o o r d i n a t e s  of a p o i n t  
on a l i n e a r  l i n e  or  v e c t o r ,  s o l v e s  f o r  
t h e  unknown c o o r d i n a t e .  Also g iven  are 
t h e  s l o p e s  and i n t e r c e p t s  of  t h e  l i n e .  
Determines whether  t h e  g iven  p o i n t  
( y i , z i )  l i e s  w i t h i n  a g iven  t r i a n g l e .  
Computes t h e  normals  of t h e  f u s e l a g e  
pane l  t h a t  c o n t a i n s  t h e  s u r f a c e  r a y  
i n t e r s e c t i o n  p o i n t  and o f  t h e  s u r f a c e  
r a y  segment and de te rmines  t h e  angle 
of d i r e c t i o n  o f  i n t e r s e c t i o n .  
Attempts  t o  approximate  a r a y  i n t e r s e c -  
t i o n  p o i n t  t h a t  does  n o t  touch  t h e  body 
by u s i n g  t h e  i n t e r s e c t i o n  of  t h e  pre-  
ced ing  r a y .  A l ead ing-edge  r a y  o f  no 
i n t e r s e c t i o n  w i l l  c ause  a n  e r r o r  mes- 
sage t o  be i s s u e d  and no f u r t h e r  
a t t e m p t  a t  merging t h e  component w i t h  
t h e  f u s e l a g e  w i l l  be  made. 
Adds t h e  chord  t h a t  d e f i n e s  t h e  component 
i n t e r s e c t i o n  w i t h  t h e  f u s e l a g e  t o  t h e  
component geometry d e f i n i t i o n ,  computes 
t h e  runn ing  l e n g t h s  o f  a component w i t h  
a c o n t r o l  s u r f a c e  f o r  u s e  i n  Gen t ry ' s  
hype r son ic  a r b i t r a r y - b o d y  Mark I11 
s k i n - f r i c t i o n  r o u t i n e  ( r e f .  3 )  and 
writes t h e  g e n e r a t e d  geometry i n  f i n a l  
form o n t o  TAPE38. 
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MAJOR PROGRAM VARIABLE DESCRIPTIONS 
L i s t e d  h e r e  are t h e  major  program variables and t h e i r  d e f i n i t i o n s  grouped 
a c c o r d i n g  t o  t h e  Labeled Common i n  which t h e y  a p p e a r .  Any r e f e r e n c e  t o  a 
'lwing" a p p l i e s  t o  a p l a n a r  s u r f a c e  ( f i n s ,  t a i l s ,  e t c . ) .  
Labeled V a r i a b l e  V a r i a b l e  
common name t y p e  D e f i n i t i o n  
ANG SWELR Real F i r s t  leading-edge a n g l e  of two-paneled wing 
s u r f a c e ,  r a d i a n s  
SWEOR Real Leading-edge sweep angle of  a s i n g l e - p a n e l e d  
s u r f a c e  or t h e  second leading-edge sweep 
angle of  a two-paneled surface, r a d i a n s  
SWIR Real F i r s t  t r a i l i n g - e d g e  sweep angle of a two- 
pane led  surface,  r a d i a n s  
AWRR Real Spanwise d e f l e c t i o n  a t  r o o t  chord ,  r a d i a n s  
AWTR Real Spanwise d e f l e c t i o n  a t  t i p  c h o r d ,  r a d i a n s  
A RF NPCU Integer Number of  i n p u t  p o i n t s  d e s c r i b i n g  t h e  upper  
surface of  an a r b i t r a r y  a i r f o i l  ( u s e r  
d e f i n e d )  
NP CL I n t e g e r  Number of i n p u t  p o i n t s  d e s c r i b i n g  t h e  lower 
s u r f a c e  of  an a r b i t r a r y  a i r f o i l  ( u s e r  
d e f i n e d )  
X and Z c o o r d i n a t e s  of  t h e  upper and lower 
Rea l - a r r ay  s u r f a c e s  of  an a r b i t r a r y  a i r f o i l  (user  
d e f i n e d )  XAU XAL 
ZDUMU ) 
XDUMU Z L I Rea l -a r r ay  Temporary wing s u r f a c e  X and Z c o o r d i n a t e s  
CONTRL I C O N  I n t e g e r  Con t ro l  s u r f a c e  f lag  ( u s e r  d e f i n e d )  
DELFU Real Upper c o n t r o l  s u r f a c e  d e f l e c t i o n ,  d e g r e e s  
( u s e r  d e f i n e d )  
DELFL Real Lower c o n t r o l  s u r f a c e  d e f l e c t i o n ,  d e g r e e s  
( u s e r  d e f i n e d )  
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Labeled V a r i a b l e  V a r i a b l e  
common name t y p e  D e f i n i t i o n  
CONTRL XCOR Real Hinge-l ine p o s i t i o n  a l o n g  r o o t  chord as  a 
f r a c t i o n  of chord l e n g t h  ( u s e r  d e f i n e d )  
CORD 
XCOT Real Hinge - l ine  p o s i t i o n  a l o n g  t i p  chord as  a 
f r a c t i o n  o f  chord l e n g t h  ( u s e r  d e f i n e d )  
IFLAP I n t e g e r  C o n t r o l  s u r f a c e  a r r a y  f lag  (user d e f i n e d )  
NHNG I n t e g e r  P o i n t  a l o n g  wing streamwise chord t h a t  
i d e n t i f i e s  t h e  c o n t r o l  surface h inge  l i n e  
NXFL I n t e g e r  Number o f  span  l i n e s  on f l a p  
ZCOR Real Vertical d i s t a n c e  t o  h inge  l i n e  a t  r o o t  
chord (user d e f i n e d )  
ZCOT Real Vertical d i s t a n c e  t o  hinge l i n e  a t  t i p  
chord ( u s e r  d e f i n e d )  
xu Real-array L o n g i t u d i n a l  c o o r d i n a t e s  of  wing upper 
s u r f a c e  geometry 
Y Real-array Spanwise c o o r d i n a t e s  of  wing upper s u r f a c e  
leading-edge geometry 
zu Real-array Z c o o r d i n a t e s  o f  wing upper surface geometry 
ZL Rea l - a r r ay  Z c o o r d i n a t e s  o f  wing lower s u r f a c e  geometry 
YU Rea l - a r r ay  Spanwise c o o r d i n a t e s  of  wing upper s u r f a c e  
geometry 
YL Rea l - a r r ay  Spanwise c o o r d i n a t e s  o f  wing lower surface 
geometry 
NXW I n t e g e r  Number o f  p o i n t s  d e s c r i b i n g  each wing 
streamwise chord 
NYW I n t e g e r  Number o f  streamwise chords  d e s c r i b i n g  wing 
XL Rea l - a r r ay  L o n g i t u d i n a l  c o o r d i n a t e s  of  wing lower 
s u r f a c e  geometry 
RFL Real Reference l e n g t h  ( u s u a l l y  fuselage l e n g t h )  
i n  wing geometry u n i t s  




Labeled Variable Variable 
common name type Definition 
DUMXYZ YD Real-array Same as Y in Labeled Common CORD 
Real-array Same as f o r  Labeled Common CORD XU XL 
NY Integer Number of streamwise chords describing wing 
NX Integer Number of points describing each wing 
streamwise chord 
NAMPRT Alphanumeric Array containing component identification 
array f o r  printout clarification 
EDGE Alphanumeric Array containing surface edge identification 
array (leading and trailing) 
ASURF Alphanumeric Surface identifier for geometry array 
(upper, lower) 
ELEV NHNG Integer Point along wing streamwise chord that 
identifies the control surface hinge line 
Coordinates of point about which a control 
surface will be rotated :.,> Real zo 
Distance between tip and root chord hinge- 




X, Y, and Z coordinates describing the 
engine hole geometry 
ENGINE 
ZE 
FL 01 Real-array Temporary array of longitudinal lengths up 
to the element of interest 
SOIL Real-array Temporary array of lengths of element sides 
in the longitudinal direction 
NESEG Integer Number of segments in each cross section of 





V a r i a b l e  
name 
Variable 
t y p e  
I n t e g e r  
D e f i n i t i o n  
T o t a l  number of cross s e c t i o n s  i n  e n g i n e  
h o l e  geometry 







I n t e g e r  
Integer 
Real 
WINGEX error  f lag  
GEMPAK error  f lag  
Twis t  a n g l e s ,  d e g r e e s  ( u s e r  d e f i n e d )  
Z D I H  Y IH 1 Y and Z c o o r d i n a t e s  of leading-edge d i h e d r a l  (user d e f i n e d )  Real 
YROTAT Real Y c o o r d i n a t e  of wing r o t a t i o n  p o i n t  ( u s e r  
d e f i n e d  
Y a w  a n g l e ,  degrees ( u s e r  d e f i n e d )  BETA 
N D I H  
Real 
I n t e g e r  Counter  f o r  number of p o i n t s  i n  Y D I H  and 
Z D I H  a r r a y s  
FINSTA 
F USGEM 
M I D  
X 
I n t e g e r  
Real -a r ray  
F l a g  f o r  c e n t e r - l i n e  component 
Fuse lage  c r o s s - s e c t i o n a l  l o n g i t u d i n a l  
l o c a t i o n s  
Z y l  Y and Z c o o r d i n a t e s  of f u s e l a g e  cross s e c t i o n s  Real -a r ray  
N X S  I n t e g e r  Number of cross s e c t i o n s  d e s c r i b i n g  f u s e l a g e  
geometry ( u s e r  d e f i n e d )  
NSS I n t e g e r  Number of p o i n t s  d e s c r i b i n g  e a c h  f u s e l a g e  
cross s e c t i o n  ( u s e r  d e f i n e d )  
FUSMAX YMX Real -a r ray  Maximum span a t  each  f u s e l a g e  c r o s s - s e c t i o n  







Real -a r ray  
Integer 
I n t e g e r  
Real 
Real 
Z c o o r d i n a t e  a t  each f u s e l a g e  YMX 
Same as  NP(2) i n  FUS2 GARG 
KEEP 
Same as  NP(3) i n  FUS2 
Root chord l e n g t h  ( u s e r  d e f i n e d )  
T i p  chord l e n g t h  




























N I N T  
Y1 
V a r i a b l e  




Real -a r ray  
Real -a r ray  
Real -a r ray  
Real 
Real 
I n t e g e r  
I n t e g e r  
D e f i n i t i o n  
Wing t o t a l  span ( excep t ion :  f i n . s e m i s p a n )  
Wing span  t o  leading-edge b reakpo in t  
T o t a l  computed wing area 
Long i tud ina l  c o o r d i n a t e s  of  wing l ead ing -  
edge enrichment  
Z c o o r d i n a t e s  o f  wing upper  s u r f a c e  l ead ing -  
edge enrichment  
Z c o o r d i n a t e s  of wing lower s u r f a c e  l ead ing -  
edge enrichment  
Long i tud ina l  c o o r d i n a t e  of  second wing 
leading-edge s t a t i o n  f o r  enr ichment  
Long i tud ina l  c o o r d i n a t e  of  f i n a l  wing 
leading-edge s t a t i o n  f o r  enr ichment  
Number of  wing l o n g i t u d i n a l  lead ing-edge  
s t a t i o n s  f o r  enr ichment  
Chord number a t  which wing leading-edge 
enrichment  is computed 
Alphanumeric Array i d e n t i f y i n g  wing geometry s u r f a c e  
a r r a y  (uppe r ,  lower)  
I n t e g e r  F l a g s  geometry t o  be read from TAPE28 
I n t e g e r  Index o f  component name a r r a y  
I n t e g e r  
I n t e g e r  Array p o s i t i o n  o f  wing r a y  
Upper and lower geometry r e v e r s e  . f l a g  
Coordina tes  of wing r a y  N i n t e r s e c t i o n  
wi th  t h e  f u s e l a g e  . ,  Real 
I n t e g e r  I n t e r s e c t i o n  f l a g  
Real Known Y o r  Z c o o r d i n a t e  of r a y  p reced ing  
r a y  JJ 
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Labeled V a r i a b l e  V a r i a b l e  
common name t y p e  D e f i n i t i o n  
OVLARG Y 2  Real Y o r  Z c o o r d i n a t e  of r a y  JJ 
JJ Integer Array p o s i t i o n  o f  wing r a y  JJ f o r  which no 
i n t e r s e c t i o n  was found 
ISURF Integer Wing s u r f a c e  o r i e n t a t i o n  f l a g  
IERR I n t e g e r  Rout ine N O I N T  e r ror  f l a g  
NSST Integer Index p o i n t e r  o f  i n t e r s e c t i n g  chord p o s i t i o n  
i n  wing spanwise geometry a r r a y  
IDENT Integer Index of t h e  name p r i n t i n g  a r r a y  (NAMPRT) 
co r re spond ing  t o  t h e  component 
PANL T h i s  Labeled Common c o n t a i n s  wing s u r f a c e  
i n p u t  pa rame te r s  found i n  t h e  Namelist 
W I N G  d e s c r i p t i o n  w i t h  t h e  f o l l o w i n g  
e x c e p t i o n s :  TWRDX, T C X ,  and SWO 
TWRDX Real Same as  T W R D ( 1 )  
TCX Real Same a s  T C D ( 1 )  
swo Real Wing t r a i l i n g - e d g e  sweep a n g l e ,  d e g r e e s  
R A D I U S  I R  ADE I n t e g e r  Wing leading-edge  r a d i u s  f lag  ( u s e r  d e f i n e d )  
RADE Real Wing leading-edge r a d i u s  ( u s e r  d e f i n e d )  
NPHX I n t e g e r  Number o f  wing leading-edge  p o i n t s  n c t  t o  
be respaced  ( u s e r  d e f i n e d )  
SAVE TITLE Alphanumeric Job i d e n t i f i c a t i o n  ( u s e r  d e f i n e d )  
a r r a y  
JO I n t e g e r  Not used 
J1 I n t e g e r  Wing geometry d a t a  c o n t r o l  f l a g  
52 I n t e g e r  Fuse lage  geometry d a t a  c o n t r o l  f lag  
53 I n t e g e r  Not used 
J4 I n t e g e r  F i n  d a t a  c o n t r o l  f l ag  
55 I n t e g e r  Not used 
56 I n t e g e r  Not used 
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V a r i a b l e  
t y p e  
Labeled V a r i a b l e  
common name D e f i n i t i o n  
I n t e g e r  H o r i z o n t a l - t a i l  d a t a  c o n t r o l  f lag SAVE IHT 
I CAN I n t e g e r  Canard d a t a  c o n t r o l  f lag 
Integer C o n t r o l  s u r f a c e  d a t a  c o n t r o l  f lag JFLAP 
I n t e g e r  
a r r a y  
Array i d e n t i f y i n g  t h e  l o c a t i o n s  of  t h e  
i n t e r s e c t i o n  c h o r d s  o f  a l l  components 
w i t h  f u s e l a g e  
NST 
I n t e g e r  
a r r a y  
Array c o n t a i n i n g  f u s e l a g e  and wing a r r a y  
l i m i t s  
NYF 
C o n f i g u r a t i o n  r e f e r e n c e  l e n g t h  REFL Real 
Component a r r a y  i d e n t i f i c a t i o n  i n d e x  I co I n t e g e r  
Array c o n t a i n i n g  t h e  MERGE o p t i o n  f lag  f o r  
each wing s u r f a c e  
MERG I n t e g e r  
a r r a y  
Array c o n t a i n i n g  t h e  MERGE debug p r i n t o u t  
o p t i o n  f lags  for  each  wing surface 
NDBUG I n t e g e r  
a r r a y  




Same as f o r  Labeled Common LEAD 
NO 
I1 
Real C o n f i g u r a t i o n  r e f e r e n c e  l e n g t h  
I n t e g e r  Con t ro l  s u r f a c e  data c o n t r o l  f l a g  
RFL 
IFLAP 
C o o r d i n a t e s  of  c r o s s - s e c t i o n  p o i n t s  between 
s uc c e s s i ve  1 o f t  i ng 1 i n  e s zz 
TEMP CO 
THICK NTHK I n t e g e r  Counter f o r  number of  t h i c k n e s s  and /o r  
camber r a t i o  i n p u t  p o i n t s  
TWRD Rea l - a r r ay  S e c t i o n  t h i c k n e s s  r a t i o s  co r re spond ing  to 
YTHK ( u s e r  d e f i n e d )  
Rea l - a r r ay  Spanwise l o c a t i o n s  of i n p u t  t h i c k n e s s  and /o r  























Z I U  
N I U  
z I L  
N I L  
Variable 
t y p e  
Rea l - a r r ay  
I n t e g e r  
Real 
Real 
Rea l - a r r ay  
Rea l - a r r ay  
I n t e g e r  
I n t e g e r  
Real 
Rea l - a r r ay  
Rea l - a r r ay  
I n t e g e r  
Rea l - a r r ay  
Integer 
D e f i n i t i o n  
Mean camber l i n e  t h i c k n e s s  r a t io  correspond-  
i n g  t o  YTHK ( u s e r  d e f i n e d )  
Wing t i p  chord p l a n e  f lag  ( u s e r  d e f i n e d )  
Spanwise d e f l e c t i o n  a t  wing root chord, 
d e g r e e s  (user d e f i n e d )  
Spanwise d e f l e c t i o n  a t  wing t i p  c h o r d ,  
d e g r e e s  ( u s e r  d e f i n e d )  
C o o r d i n a t e s  o f  one f u s e l a g e  cross s e c t i o n  
S u r f a c e  l e n g t h  i n  feet  from nose t o  c e n t r o i d  
o f  e lement  o f  i n t e r e s t  f o r  s k i n - f r i c t i o n  
c a l c u l a t i o n s  
Wing MERGE f lag  ( u s e r  d e f i n e d )  
Wing MERGE debug p r i n t  f l ag  ( u s e r  d e f i n e d )  
Wing r e f e r e n c e  l e n g t h  ( u s e r  d e f i n e d )  
Array t h a t  f lags a l l  wing i n p u t  pa rame te r s  
as e i ther  i n p u t  by user o r  d e f a u l t  
X ,  Y ,  and Z c o o r d i n a t e s  of  t h e  King upper  
s u r f a c e  chord d e f i n i n g  i t s  i n t e r s e c t i o n  
w i t h  t n e  fuselage 
Number of  p o i n t s  i n  t h e  wing upper  s u r f a c e  
i n t e r s e c t i o n  chord 
X ,  Y ,  and Z c o o r d i n a t e s  of  t h e  wing lower 
s u r f a c e  chord d e f i n i n g  i t s  i n t e r s e c t i o n  
w i t h  t h e  f u s e l a g e  
Number o f  p o i n t s  i n  t h e  wing lower s u r f a c e  





XY ZRAY I Y X  
AMY 
BY 
E Y  ]
BYX 
E ) 
B Z  
z z  j
B Y Z  
E x  ) 
B Z X  
z: ) 
BX 
Var i ab 1 e 
type Definition 
Integer Wing r a y  segment equation definition flag 
in the XY plane for 
Y = myX + by 
0: my # 0 
1: my = 0 
2: my 00 
Segment slope (my) in XY plane 
Segment intercept (by) in XY plane 
Real 
Real 
Same as above but for X = mxyY + bxy 
Same as above but for 2 = m,Y + b, 
Same as above but f o r  Y = myzZ + by, 
Same as above but for Z = m,X + b, 
Same as above but f o r  X = mxZ + bx- 
55 
APPENDIX C 
SAMPLE INPUT AND OUTPUT 
The following sample 
ent GEMPAK input options. 
input of sample case 1. 
Sample case 
cases represent the same configuration using d.iffer- 
Figure 43 shows the basic layout for the fuselage 
Description 
1 Fuselage (Complete lofting, INC(1) = 0 )  
wing, horizontal tail, fin (Automatic input, IHPUT = 1 )  
2 Fuselage (Point-by-point, INC(1) = 2) 
3 Fuselage (Longitudinal lofting, INC(1) = 1 )  
4 Fuselage (Cross-sectional lofting, INC(1) = 3) 
5 Fuselage (With aero/propglsion surface, INC(4) = 1 )  
6 Wing (Manual input, IHPUT = 2) 
7 Wing (Arbitrary airfoil, ICHRD = 3) 
8 Wing (With deflected control surface, ICON = 1 )  
The final generated geometry arrays and codes necessary to fully describe 
the configuration reside on the program file TAPE38 and are therefore described 
here along with the output (TAPE6). If no fuselage is generated, such as in 
sample cases 6, 7, and 8, all final geometry will reside on TAPE28 instead of 
TAPE38. Figure 44 is a computer drawing of the generated geometry for samp1.e 
case 1. 
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Sample Case 1 Input 
0 2  1 6 4 .  
0 2 1 600. 
0 3 1 1 1 8 .  
0 3 1 1 5 2 0  
0 3  200. 
0 3 1 coo. 
0 3 1 600. 
11 6 0. 
4 5 6 7 R COLUMN 1 2 3 
1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 ~ 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 ~ 5 6 7 8 9 0 1 2 3 4 5 6 7 8 ~ 0 1 2 3 ~ 5 6 7 @ 9 0 1 2 3 ~ 5 6 7 3 9 0 1 2 3 4 5 6 7 8 9 0 ~  GmPAK title card 
GEMPAK S A h P L E  C A S E  1 ( F U S E L A G E 1  U I N G ,  H O R I Z O N T A L  T A I L ,  F I N )  
FUSELAGE ( C O h P L E T E  L O F T I N G ,  I N C ( 1 1 . 0 )  
GEMPAK geometry op t ion  card  
Fuselage card  set  1 
1 5 4 2  
Y 1 2  2 1 0 1 1 0 1 1 1 1 1 1 1  
. 50. 128. 152. 164. 176. 2 0 0 .  . .  
520.  600. 
22 22 22 22 
22 22 22 22 22 22 
22 22 22 22 22 2 2  




3 .  
3 Y . C  
5 2 .  1 









5 2 .  1 





1 7 . 1  1 . 4 3 5  
5 7 . 0 0 6  
2 2  2 2  22 
22 22 22 
22 22 22 
,525 
- 5 2 5  
e 1 0 5 8 8  
Fuselr-ge ca rd  set  2 
Fuselage ca rd  set  3 
*1 ) Lof t ing  l i n e  1 i n  XY p l r  
I Lof t ing  l i n e  2 i n  
XY p lane  * I  
i } Lof t ing  l i n e  2 i n  xz plane I 
I 
5 3 . 6 3 2  *I < I 






U n x 
0 
0 3 1  3, 3. 
0 3 1 128. 39.4 
0 3 1 152. 49.2 1 - 4 0 8 3 3  
0 3  168. 53.2 1 1 0. 0. 
0 3  200. 45.7 1 -.375 
0 3 1 600 .  57.627 
1 6  0. 0. 
0 4 1 118. 0. 
o 4 1 1 2 a .  1.06 
0 4 1 200. 17.1 
0 4 1 400. 57.006 
0 4 1 6 3 0 .  53.632 
2 5  0. 0. 
0 4 1  3. 3. 
1 0 4 1 1?9. 39.4 
' 0 4 1 t o o .  45.7 
0 4 1 600. 57.627 
1 6  0. 0. 
0 5 1  3. 2.7 
* i  * I  L-J z 
Lof t ing  l i n e  5 i n  
XY p lane  
Lof t ing  l i n e  3 i n  XZ plane 
Lof t ing  l i n e  4 in XY plane 
Lof t ing  l i n e  4 i n  xz p lane  
Lof t ing  l i n e  5 i n  XZ p lane  
Lof t ing  l i n e  6 i n  XY plane 




0 5 1 128. 8.942 
0 5 1 203. 17.1 
0 5 1 400.  57.006 
0 5 1 600. 53.632 
2 5  0. 0 .  
0 5 1  3. 1.5 
9 5 1 128. 3 4 .  1 0 5 1 zoo. 45.7 
0 5 1 600.  5 7 . 6 2 7  
1 4  0. 0. 
0 6 1  3. 2.7 
0 6 1 400.  83. b 
0 6 1 600. 84. 
2 4  0. 0. 
* I  
' 1  
* I  
C O L U M N  1 2 3 4 5 6 7 8 
2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 ~ 9 0 1 2 3 4 5 6 7 E 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 b 7 0 9 0  
0 6 1 600. 10.90 I J  
.. z 
U Lofting l i n e  9 i n  
Lofting l i n e  9 i n  [ set 4 3 XY plane H 
XZ plane 
Fuselage card  : j  
l k  
0 7 1  
0 7 1  
0 7 1  
2 3  
0 7 1  
0 7 1  
1 5  
0 8 1  
0 8 1  
0 8  
0 8 1  
2 4  
0 e 1  
0 8 1  
0 8 1  
1 2  
0 9 1  
2 4  
0 9 1  
0 9 1  




















3 .  -3. 
520. - 2 2 .  
600. 9.1 
1 3  t o .  
1 1 1 2 ZOO. 
1 1 1 2 600. 
2 6  2 0 .  
1 1 1 2  3 .  
1 1 1 2 152. 
1 i 1 z 1 2 8 .  
1 1 2 l b 4 .  
1 1 1 2 600. 
1 5  0. 






3 9 . 4  
5 2 .  
















1 2 1 600.  
2 6  0. 
1 2 1  3. 
1 2 1 128. 
1 2 1 152. 
1 2  164. 
1 2 1 600 .  
1 7  0. 
1 3 1 118. 
1 3 1 2 128. 
1 3 1 2 162.5 
1 3 1 2 200. 
1 3 1 2 4 0 0 .  
1 3 1 2 600. 
2 6  0 .  
1 3 1 2 128. 
1 3 1 2 162.5 
1 3 1 2 200. 
1 3 1 2 6 0 0 .  
1 6  0. 
1 4 1  3. 
1 4 1 129. 
' 1 4 1 200. , 1 4 1 400. 
, 1 4 1 600. 
1 1  4 1  3. 
I 1 4 1 128. 
' 1 4 1 200. 
' 1 4 1 600 .  
1 4  2 0 .  
; 1  5 1 2  3. 
I 1  3 1  3. 


































I 1  
1 
1 - 0 2 9 8 2  
,525 
m 
Slope c o n t r o l  l i n e  3 z 
i n  X Z  p lane  H 
* I  
Slope c o n t r o l  l i n e  4 i n  
X Y  p lane  
Slope c o n t r o l  l i n e  4 i n  
XZ p lane  
*: \ S l o p e  c o n t r o l  l i n e  5 i n  





1 2 3 4 5 6 7 8 C O L U n N  
1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 ~ 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 4 7 6 9 0 1 2 3 4 5 6 7 0 9 0 1 2 3 ~ 5 4 7 0 9 0  
1 5 1 2 600. 68.816 
I 
2 4  2 0 .  
1 5 1 2  3. 
1 5 1 2 400. 
1 5 1 2 600. 
1 4  0. 
1 4 1  3.  
1 6 1 400. 
1 6 1 600. 
1 6  0. 
. 1  8 1  3. 
1 8 1 200. 
1 8  400. 
1 8 1 600. 
I 2  4 0. 
1 8 1  3. 
1 8 1 520. 
1 8 1 600. 
i e 1 520. 
2 3  0. 
1 6 1  3. 

















O O  


















- 1 7 5 2 3  
Slope con t ro l  l i n e  5 i n  * i  XZ plane 
Slope con t ro l  l i n e  6 i n  
I, Slope con t ro l  l i n e  6 i n  
*' i XY plane 
I *. 







Fuselage ca rd  3 Slope con t ro l  l i n e  7 N [ set 4 1 E i n  XY plane 
*' \S lope  con t ro l  l i n e  7 i n  
i J xz plane *: I 
Slope con t ro l  l i n e  8 i n  
XY plane 
Slope con t ro l  l i n e  8 i n  
XZ plane 
F in  input  (ICOMP = 5 )  
SCIING CRW. 152.95, 9Y. 100., SWEOB. 52.39 TPbJ. e 3 6 3 0  NYU. 4, YXU. 6, 
TWRD. -175, XYO1.  .9999, XIIDZ. O O J  X Y 1 '  471.7, Z 8 R .  54.J I P R N T .  3, 
IHERGE~-~~NDEBUG.OJ  I R A O E .  l r  RAD€. * 7 5 >  
SEND O F  F I N  I N P U T  ( S A f l P L E  CASE 1) 
J 
c3 
COLUflN 1 2 3 4 5 6 7 8 
1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 ~ 9 0 1 2 3 4 5 6 7 E 9 0 1 2 3 4 5 6 7 6 9 0 1 2 3 4 5 6 7 E 9 0 1 2 3 4 5 6 7 ~ 9 0 1 2 3 4 5 6 7 E 9 0 1 2 3 4 5 6 7 ~ ~ 0  
Horizonta l  t a i l  inpu t  (ICOMP = 4) 
Wing inpu t  (ICOMP = 2 )  
CPhB 1 9 6 . 9 9  8W. 2 3 2 . > ~  S W  54.59 [ R W B  . 3 / 5 0 ~  :iYUg 4 ,  hXU * 6 ,  
T k R 3 9  - 0 6 ,  XWD1- - 5 ,  X W 3 Z 9  0.9 TCDU ,039 X W l -  3 6 3 . 2 5 ,  .?a?* 4 5 . 9  
XPOTAT.  597.9 Y R g T A T .  6 4 . 3 ,  ZROTAT.  4 5 . 9  T H E T A .  60.9 ALPLIAS - 5 . 9  
B E T A -  IO., I P R N T -  3 r  I N E R G E B - 3 9  I R A D E -  19 R A D € -  e 7 5  I 
3 C R I Z C F ; T A L  T A I L  I t l P U T  ( S A P P L E  C A S E  2 1  
C R Y .  4 0 4 . 0 0 ,  EW. 3 3 5 . 4 4 ,  S i d t O E -  59.399 T R W B  , 3 0 5 8 )  HYtJ. 4 ,  NXU= 99 
I C r l l ; 3 =  2, T V R D -  -06, TCD. - 0 3 9  X W 1 =  2 3 7 . 7 0 9  ZER.  - 3 5 . 2 1 7 9  T H E T A -  30.9 
A C P t ’ A =  -I., IPRNT.  3 9  I Y E 2 G E .  3, I R A O E .  19 R A D E -  . 7 5 r  X P O T A T -  6 0 0 .  9 
d I N G  INPJT - I S A f l P L i  - C A S E  1) . - .  -. -_ - - -. 
b 
;d 
cb m z a 
H x 
Sample Case 1 Output 
S T  L I N E  A 8  0. - 8. 0. c =  0. D=  0. E l  -.60000E*03 F. 0. SC. 1. 
COEFFS FGR PROJECTION O F  LOFTING CURVE NO. 9 BETUEEN X =  0.0000 AND X 9  3.0000 ON THE X - Z  PLANE 
S T  L I N E  A= 0. 8. 0. c m  0. D -  - .30000E+01 E. -.30000€*01 F. 0. SG. 1. 
C O E F F S  F O R  PROJECTIOY O F  LOFTING CURVE h 0 .  9 BETkEEN X =  3.00CO AND X I  520.0030 O N  THE X-Z PLANE 
SERPAK - R A P I D  AIRCRAFT GE3HETRY GENERATION FOR ENGINEERING OEc IGN 
CASE T I T L E  - GEHPAK SARPLE CASE 1 IFUSELAGE, WING, HORIZOhTAL TAIL ,  F I N 1  
GEUNETRY OPTIONS CHOSEN 
1 FUSELAGE 





S T  L I N E  A =  0. B =  3 .  C. 0. D= 0. E =  -.2000Ctt03 F. 0. SG- 1. 
,COEFFS FCR P R 3 J E C T I 3 N  O F  SLOPE CUhTqOL L I N E  NO. 1 BETYEEY X I  200.0000 AND X =  600.0000 O N  T H F  X-Y  PLANE 
1.57 L I N E  A 9  0. B =  0. c =  0. 0. . 2 9 O O O E + 0 2  E =  -.4003CE+03 F *  -.40000E+04 SG. 1, 
3.0000 _)N THE X-2 PLANE COEFFS F O R  P R 3 J E C T I 3 N  O F  SLOPE C l k T R C L  L I N E  N9. 1 R E T U E E Y  X =  
ST  L I N E  A -  0. 8. c. c =  0. G.= .30C\COi+01 E =  -+3COOSF+Ol F =  0. SG= 1. 
0.0000 Al;C X =  
S T  L I N E  A =  0. B =  0. c =  0. D =  . 5 1 3 2 0 E + 0 1  E m  -.HOOOOF+02 F a  - 1 6 9 4 6 E t 0 4  
3.0003 3N T d k  X - 2  PLLNE C O i F F S  FOR PR3JECTION OF SLOPE CJdTXCL L I N E  NO. 8 B E T k € E Y  X =  O.COO0 A S 0  X.  
B. 0. c =  0. D. - . 3 0 0 O O i + O l  E. -.30030€+01 F =  0. SG-  1. S T  L I N E  A =  0. 
COeFFS FCR PROJECTION O F  SLOPE C3NTRCL L I N E  NO. e BETYEEN X =  3.0000 AN? X I  5 2 0 . 0 0 0 0  O N  THE X - 2  PLANE 
S T  L I N E  A =  0. 8. 0. C- 0. 0. - .19000E+02 Em - .51700€+03 F *  - .14940€+04 SG. 1. 
COEFFS FOR PROJECTIOH O F  SL3PE CJNTROL L I N E  NO. 8 BETYEEN X I  520.0000 AKO XI 600.0050 ON THE X-Z PLANE 
S T  L I M E  A =  0. 
OEGEN SEG A =  0. 
2=. 
P 
0 . 0 c 0 0  M z 
U 
8. 0. c =  0. 0. .31100E*OZ f m  -.8003Ci+02 F I  - .17932€+05 SC- 1. P 
0.0000 H 
D E G E h  SEG A =  0. a =  G. c =  0. C. 0. E=  0.  F I  ~ 1 0 0 0 0 E + 0 1  S G I  0. X 
COEFFS F O R  CROSS-SECTION SEGNENT NO. 1 A T  X *  
COEFFS FGR CQOSS-SECTICN SEGhEhT NO. 2 A T  X =  
B =  0. c =  0. 0. 0. E =  0. F =  . 1 0 0 0 0 E + 0 1  SG= 0 .  
CI 
C O E F F S  FOR CROSS-SECTION SEGVENT NC. 3 AT X *  0.0000 
'DCGEN J E G  A. 0. 8. 0. C. 0 .  0. 0. E =  0. F. . 1 0 0 0 0 E * 0 1  SG- 0; 
f o r  segments 1 t o  8 from X = 0 . 0  to X = 600.0) 
0. - .22152E-05 E *  - . 3 3 3 0 6 i - O b  F I  
C-  - .55379E-07 E m  - .63266E-0? F =  
T I C h  SEGNENT '47. 5 A T  X *  600.0000 
S T  L I N E  A 9  0. 8. 0. c -  0. D= - . 4 6 7 2 7 ; * 0 2  € =  - . 3 0 3 6 8 € + 0 2  F =  . 4 2 5 6 1 E + 0 4  SG- 1. 
COEFFS F O R  CROSS-SECTION SEGHFNT NO. 6 AT X *  6 0 0 . C O O O  
S T  L I N E  A -  0. B o  0. c =  0. DI - .58694E-06 E m  - .33145E-C6 F. - 5 3 4 6 1 E - 0 4  SG. 1. 
C 3 t F F S  FOR CROSS-SECTION SEGMENT NO. 7 A T  X. 6 0 0 . C O O O  
E L L I P S t  A =  .10000€*01 6- -3425GE-04 C m  .b3167E*03 0. - .168CtE+03 E l  - .13815E+05 F .  .754721!*05 S G I  1. I COEFFS FOR CROSS-SECTICN SEGNENI NO. 2 AT X =  6 0 0 . 0 0 0 0  I ELL I P S C  A =  .10000€*01 8. 0. C= . 4 3 9 5 9 € * 0 4  01 0. E *  - . 8 7 9 6 1 € * 0 5  F =  . 4 3 6 4 2 € * 0 6  SG. -1. 
._ .- - . ~ - -  _..- 
D A T A  F R O M  H A I N  S T  O R A G E  ARRAYS 









.81000003€+02 . 6 2 4 3 3 a j 6 i + 0 1  1 3  .72 5 11 4 5  7 i  + 0 2  . 4 8 9 0 3 5 5 5 L + 0 1  
. 2 4 9 3 4 0 6 6 E t 0 2  - .164535535*02 1 9  . 1 2 4 6 7 C 3 3 t + 0 2  - .17GZ174b t+02  
.60COOOOOEt02 - . 6 0 7 1 5 6 6 7 i + O l  1 6  . 4 ~ 4 e 7 5 5 9 t t o z  - . i 2 i a ~ 5 0 3 ~ + 0 ~  
XI .52000000Et03 YHAX- . 8 4 0 0 6 8 4 3 E t 0 2  Z H A X =  . lCOZb749E+02  N X =  1 1  
Y z pi Y 2 
. 37831600E+02  , 6 6 6 1 4 6 7 9 E t 0 2  
.55241600E+C2 
.54991614E+02  .55241600E+02  7 5 4 9 8 1 6 1 5 E t 3 2  .5524160Ot+OZ 
.82 800000E+02 . 9 0 3 7 3 5 3 4 E + O l  1 3  .73 203312E +02  .70237655E+Ol  
.60000000Et02 - . 7 0 0 0 0 0 0 0 i + 0 1  1 6  .50143014E+O2 - .14581072E+02  
, 2 5 4 2 0 9 4 9 E t 0 2  - .20433724€+02  1 9  ~ 1 2 7 1 2 6 0 Y k + O Z  - . 2 1 2 3 7 2 5 E i + 0 2  
0. .65614679E+02  1 
.50450741E+02  . 6 0 7 1 1 8 5 1 i + 0 2  4 .549816CCE+02 
.63840000E+O2 .10837200E+02  10 . 8 4 0 C 6 8 4 5 € + 3 2  . lCO28746E+02  
Xm ~ 6 0 0 0 0 0 0 0 E t 0 3  YMAX= . 8 4 0 0 0 0 0 0 i t O 2  ZMAX- , 1@999999E+02  N X =  1 2  
Y 2 ti Y 2 
. 69000000E+02  
, 4 9 1 0 1 1 9 8 E t 0 2  .63097300E*02  4 . 5 3 6 3 2 0 0 3 E + 0 2  .5762700CE+02  
. 5 3 6 3 1 9 5 9 t + 3 2  . 5 7 6 2 7 0 0 0 E + 0 2  , 5 3 6 3 1 9 5 9 E t 0 2  .57627000E+02  7 
*84000000Et02  e 1 0 9 0 G 0 0 0 E t 0 2  10 .Y3999997E+O2 . 1 0 9 0 0 0 0 0 E + 0 2  
~84OOOOOOEt02 0 1 0 8 9 9 9 9 9 E * 0 2  1 3  .75981405E*02  .10830564E+02  
.60000000€*02 .10000000E+O2 1 6  .48018045E+OZ . 9 4 6 2 6 4 5 3 € + 0 1  
. 2 4 0 0 9 8 6 8 E t 0 2  . 9 1 8 2 8 3 8 4 € + 0 1  1 9  .12004934E+OZ .91414192E+01  
0. .69000000E+OZ 1 3 6 5 3 2 0 0 0 E + 0 2  
z N Y 
0. 1 0. 
0. 4 0. 
0. 7 9. 
0. 1 0  0. 
0. 1 3  0. 
0. 1 6  0. 
Z N Y 
0. 2 0. 
0. 5 0. 
0. 9 0. 
0. 11 0. 
14  0. 0. 
0. 1 7  0. 
0. 1 9  0. 0. 2 0  0. 
Xm . 30000000E+01  YMAX- 0 3 1 0 5 0 7 4 3 E * 0 1  ZNAX- - .54509859E+00 N X -  2 I O' Y 2 N Y 7 F; V 
. 3 o o o o o o o i + o 1  1 200CJGOOE-06 . 3 0 0 3 0 0 0 0 E + O l  2 e 2 3 3 3 3 3 3 3 E - 0 6  
. 3 0 0 0 0 3 0 0 E + 0 1  5 . 4 0 0 0 0 0 0 0 i - 0 6  e26666667E-06  ~ 3 0 0 0 0 0 0 0 E + 0 1  4 . 3 G O C 0 0 3 0 ~ - 0 6  
. 1 9 7 w a 7 4 ~ + o i  ~ 2 2 9 0 1 0 6 6 E t 0 1  ti 2 7 G 0 0 0 0 3 ? + 0 1  1 0 4 9  55 8 3E + 0 1  . 2 8 1 3 2 1 8 0 i + O l  7 
~ 2 7 0 0 0 0 0 5 E t 0 1  0 1 4 9 9 9 9 9 7 E t 3 1  10 r 3 1 0 5 0 7 4 3 E t O l  - . 54509858E+00  11 . 1 9 9 6 2 1 3 8 E t 0 1  
4 6 4 0 6 2 2 9 E - 0 7  ~ 1 0 0 0 D O l l E - 0 6  - ~ 3 0 0 0 0 O O O E * 0 1  1 3  . 9 2 6 1 2 3 4 3 r - 0 7  -.3OOOCOOOit31 1 4  
---.-- - - . i r , n n n r l ~ ~ ~ n i  u 
(Generated cross-section p o i n t s )  -~30000000E+01 1 9  0. .. 
- - -  --. .- V L T L L ' V I  a *  
14 














1 4  








1 4  
1 7  
2 0  
. 5 4 Z u b ? O 4 I + O Z  
. 3 2 2 8 1 1 5 0 t + C Z  
0.  
Y 
. 4 6 7 1 4 3 0 4 € * 0 2  
. 5 7 0 0 6 0 0 3 E + 0 2  
.57C3h030E+02  
.6 5 C O  1 2  5 3 E +O 2 
.3733925SE+02  
.a z 96 ~ 5 5 4 ~  to2 
0. 
Y 
, 4 4 6 9 0 4 4 7 E t 0 2  
. 5 4 F d l 6 0 0 E + O 2  
.54961600E+02 
. 8 3 5 6 > 0 3 4 € + 0 2  
. 6 5 2 0 9 3 9 0 t t 0 2  














0. 1 2  
0. 1 5  
0. 1 8  
0. 2 1  
~ 3 0 0 0 0 0 0 0 E t O l  z N. 3 
. 3 0 0 0 0 0 0 0 E + 0 1  6 
~ 1 5 0 0 0 0 0 0 E + 0 1  9 
- . 2 3 0 7 0 5 4 9 E + 0 1  1 2  
- .30000000E+01 1 5  
- . 3 o o o o o o o ~ t o 1  i a  - ----.ncln1 2 1  
2 
. 6 1 2 4 9 7 0 7 C t 0 2  
.516635OOE+O2 
. 5 1 6 6 3 5 0 0 € + 0 2  
. 6 9 5 3 4 4 0 3 € + 0 1  
, 8 0 4 8 4 6 9 6 E t 0 0  
- . 1 4 8 6 8 0 1 0 t t 0 2  
- .17589342€+02  
z 
. 6 4 6 2 6 6 1 6 t t 0 2  
. 5 5 2 4 1 6 0 0 E + 0 2  
. 9 3 2 1 3 7 6 1 C t O l  
1 3 5 3 7 6 1 0 E t 0 1  




e 6 7 2 1 2 2 2 2 E t 0 2  
.57627OOOE+O2 
. 5 7 6 2 7 0 0 0 i + 0 2  
.10899999E+02  1 0 6 6 3 2 0 1 E t 0 2  
. 9 2 8 1 3 4 2 4 E + 0 1  





1 2  
1 5  
1 8  





1 2  
1 5  
1 8  





1 2  
1 9  
1 8  












1 2  
1 3  
i 4 
1 5  
i :; 
, .  
THE t L E R E N T  C d A R A C T E R I S T I C S  F O R  SEGflENT 1 A R E  
X C E N T  I. Y C E N T  ZCENT N X  NY NZ OELAREA OELVOLUNE W 
. 7 0 7 1 0 7 E 4 0 0  - 4 2 4 2 6 4 E - 0 6  00 1 
4 e 7 0 7 1 0 7 t 4 0 0  .21213ZE-06  0 0  5 
.:24854t+OO . 7 0 1 5 7 4 t * 0 0  . 2 2 4 4 0 1 E t 0 1  .980193E-01  6 
. 3 4 8 3 6 0 E t M ~ t O O  
(Element characteristics) 
1 .200000Et01  a 6 6 6 6 5 7 E - 0 7  .200000E+01 - . 707107E+00  0. 
2 
3 ~ Z 0 0 0 0 3 E 4 O l  - 1 6 6 6 6 7 E - 0 6  . Z O O O O O E + 0 1  - . 7 0 7 1 3 7 € + 0 0  0. 
5 .20CCSOEtC1 .233333E-06  . 2 0 0 0 O O i t O l  - . 7 0 7 1 0 7 € + 0 0  0. 
. 230000Et01  .144444E-06  . 2 0 0 0 0 0 E t 0 1  - . 7 0 7 1 0 7 E t 0 0  e 4 0 1 9 4 4 E - 0 6  0 7 0 7 1 0 7 t 4 0 0  0 7 0 7 1 0 7 E - 0 t  0 4 1 0 5 3 6 E - 2 0  2 3
.20SCOCEt01  .18ed69E-05  . 2 0 0 0 0 0 E t O l  - .7071C7E+00 - .401944E-06 . 7 0 7 1 0 7 E t 0 0  - 7 0 7 1 0 7 E - 0 7  - .536855€-20  4 
7 0 7 1 0 7 E t 0 3  .707107E-07  00 
0 2 2 4 S 2 3 E t 0 1  0 7 9 2 0 5 5 € + 0 0  7 
- " L  . ~ > U Y 7 5 t t 0 0  - . 5 1 2 1 5 4 c t U u  .-,.. . 
- .940215E*00 e 1 7 5 3 4 O E 4 0 3  .4Y<vtL- 
13  
- . 8 4 6 3 6 0 € + 0 0  . 1 0 9 9 1 1 € 4 0 4  . 4 0 3 7 9 9 € * 0 5  1 4  1 4  
1 5  e 4 6 1 4 6 5 i t 0 3  +625539E+OZ - . 2 7 3 0 5 6 E t 0 1  . l l O C 1 7 E + 0 4  e 5 7 1 6 2 4 E 4 0 5  1 5  
. 1 4 7 2 9 7 E t 0 4  - 4 5 1 3 1 2 E t 0 5  1 6  
. 1 5 1 0 6 a E + 0 4  0 1 6 5 9 6 1 E t 0 5  17 
. 1 5 1 2 7 1 E + 0 4  e 7 1 4 3 4 2 E 4 0 4  1 8  
. 1 5 1 3 6 5 E + 0 4  s 1 5 5 4 2 4 E t 0 4  19 
- 1 5 1 3 8 7 E 4 0 4  . 5 0 2 7 G l E + 0 3  20 
- . 9 8 2 9 4 7 E + 0 0  ~ 1 1 0 3 9 4 E 4 0 4  .15> 
1 6  . 4 6 0 2 2 2 E t 0 3  . 5 4 9 0 6 1 E 4 3 2  - .996370E+01  
1 7  . 4 6 0 1 9 8 € + 0 3  . 4 3 7 2 5 5 E + 0 2  - .149716E+02  
1 8  . 4 6 0 2 0 2 € + 0 3  . 3 1 4 0 6 6 E + 3 2  - .175021$+C2 
20  ,460203E t 0 3  . 6 2 9 5 0 8 E t S l  - a 1 9 4 6 9  5E+02  
19 . 4 6 0 2 0 1 ~ + 0 3  .i$e34zE+32 - . i 8 7 9 3 ~ ~ + 0 2  
THE E L E ~ I E N T  CHARACTERISTICS F O R  S E G Y E Y T  11 A A E  
X C E N T  
.5 5 9 7 5 8 E + 0 3  
. 5 6 0 0 0 0 € + 0 3  
. 5 6 0 0 0 0 E * 0 3  
. 5 6 0 0 0 0 E t 0 3  
.560000E+03  
e 5 G 7 2 0 5 E t 0 3  
. 5 6 0 C C C E * 0 3  
. 5 8 7 2 0 5 E + 0 3  
.56C3+OEt03  
0 5 4 6 6 5 7 t t 0 3  
. > 4 b 5 5 7 6 + 0 3  
. 5 4 5 0 6 7 € + 0 3  
. 5 5 8 6 5 2 € + 0 3  
e 5 5 9 3 5 5 E t 0 3  
.55981CE+O3 
- 5 5 9 6 2 1 i t O 3  
e 5 5 9 6 l l E 4 0 3  
5 5 9 6 0 7 E  4 0 3  
. 559607E+03  
. 5 5 ~ 5 5 e ~ + o 3  
Y C E N T  
.186054E+OZ 
. 4 0 6 l l 2 E * 0 2  
. 4 6 8 9 5 8 € + 0 2  
. 5 2 0 4 1 4 E t 0 2  
.54306RE+02  
.538478E+OZ 
. 5 4 3 0 6 9 E + 3 2  
.538476E+UZ 
. 6 7 1 1 U 9 E t 3 2  . 8 3 3 4 Y  9 E '02 
.83YS40E+02 
6 3 4 6 1  7 E t 0 2  
a 7 9 9 6 2 1 E t 3 2  
- 7 0  5 3 7 0 E t 0 2  
.63;585E432 
. 5 4 5 2 3 5 € + 0 2  
. 4 3 0 3 0 7 E t 0 2  
.3085OPE*Ot 
.1853 '?2E402 
6 178 14 E+O 1 
Z C E N T  
6 7 8  00 1 E *O 2 
.66913CEtOZ 
6 3 9 6 2  O E  4 0 2  
.5 9 1 6 9  4E t 0  2 
. 5 6 4 3 4 3 E + 0 2  
e 5 7 2 4 5 5 E  t o 2  
. 5 6 4 3 4 3 i + O 2  
. 5 7 2 4 5 j E + 0 2  
3 3 6 5 5 6 5  4 0 2  
.105886E ( 0 2  
. 1 0 0 8 3 4 E + 0 2  
9 7 5 2 9  1 E t U l  . $ 4 0 0 0  Y E  t o  1 
7 34  86 O C  t o 1  
, 3 4 7 9 7 4 E t O l  -. 5 8 5 5 1  3 E t 0 0  
3 6 4 0 3 Z E t 0 1  
5 1  8 9 2 8 E t 0 1  
- . 5 9 8 4 1 J E 4 0 1  
- 0  6 4  000 7E 40 1 
18 260?E-0 1 
, 746233E-02  
- .160091E-02  -. 1 3 i l O l Y E - 0 1  
- .245566E-01  
- .309353€-01  -. 3 4 2 4 i i E - 0 1  - 35  9 2 0  6E-0 1 
N X  
-.298033E-O1 
- .245477E-01  
- . 1 4 4 5 5 5 € - 0 1  
- .602804€-02 
- .154834E-01  
. 2 9 3 0 8 8 € - 0 1  
- .174079E-01  
- . 2 9 7 9 9 7 € - 0 1  
- .210400t-02 
- .2117341-02  
.5b5120E-02  . l 6 7 8 t  5E-01 
32 2 52 3 E - 0 1  
- 6 5  0 3  35E-01  
0 1 2 4 9 7 9 E t O O  
. 2 3 8 0 3 1 t + 0 0  
3 0 6 6 9 5 E 4 0 0  
. 336562E*00  
3 5 1 2 9  L E  400 
. 3 4 0 1 6 7 E 4 0 0  
.182?79E*OO 
. 5 3 2 5 4 9 E + 0 0  
. 8 3 0 5 0 7 E + 0 0  
. 2 5 1 2 4 6 i + O O  
e 1 5 0 3 5 5 E t 0 0  
a 5 4 3 7 4 5 E - 0 1  
- 5 2 7 4 9 7 E - 0  1 
. 5  5 8 0 1 0 E + 0 0  
N Y  
0. 
, 253887E t o 0  
. 5 8 1 2 1 8 € 4 0 0  
. 7 7 0 1 2 4 € + 0 0  
. 5 5 3 7 2 5 E + 0 0  
2 7 2 0 2  5E-0 3 
. 4 9 9 2 4 4 E + 0 0  
. 2 7 2 0 Z l E - 0 3  
e 9 7 9 3 6 0 t t 0 0  
. 8 5 6 8 7 5 E t 0 0  
. 3 4 0 1 6 3 E 4 0 0  
.117372E+CO 
34180Y i t 0 0  
5 6 0 3 9  2 E + O O  
. 3 3 9 4 Z C E t 0 0  
. 1 4 8 6 0 8 E * 0 0  
.E  8 0 0 5 9 E - 0 1  
- 3  1 9 9 2 6 E - 0  1 
- 3 0 3 5 3 7 E - 0 1  
. 3 3 a 4 e o ~ t o ~  
-. 5 5 6 6 5 7 t t 0 0  
- 9 2'3 7 29 E t 00 
- . 9 6 7 6 1 2 E t 0 0  
- . 5 6 3 1 4 7 € + 0 0  
- .9Y7933 t+CO 
- .997962E+00  
N Z  
e 9 9 9 5 5 6 E 4 0 0  
. 9 6 6 9 2 2 E t 0 0  
. 8 1 3 6 1 9 E t 0 0  
- 6 3 7 8 6 6 E t 0 0  
. 8 3 2 5 5 6 E + 0 0  
- . 9 9 9 5 5 6 € + 0 0  
.&66286CtOO 
. 9 9 9 5 5 6 t + 0 0  
.544929Z tOO 
. 2 0 Z 1 1 3 € + 0 0  
- . 5 1 2 1 5 4 € + 0 0  
- .940215E+00  -. 9 9  2 564  Et00  
- . 9 3 7 5 1 6 € 4 0 3  -. 8 1 8 7 4 4 t t 0 0  
- . 9 i i 3 e 9 ~ + 0 0  
- .940103E400  
- .937533E+00  
- .935720E+00  
O E L A R E A  
~ 2 9 7 7 0 7 E ~ O I  
a 5 6 3 3 4 3 E 4 0 3  
. 5 6 6 3 8 9 € * 0 3  
e 5 6 8 2 4 9 E 4 0 3  
.32003tJE-04 
1 0 8 7 0 6 t - 0 2  
e 1 0 8 7 0 6 E - 0 2  
a 4 3 4 7 4 6 E t 0 4  
e 3 3 0 1 9 6 E t 0 2  
. 3 2 9 4 4 1 € 4 0 2  
3 3 3 9 7 9 E  4 0 2  
. 7 0 9 8 9 0 E t 0 3  
e 6 8 3 1 1 4 E 4 0 3  
e 6 4 3 6 1 8 E 4 0 3  
- 9 5 9 5 4 4 E t 0 3  
.102915E*O+ 
. 1 0 4 7 1 1 € * 0 4  
- 7 6 8 9 4 5 E - 0 5  
OELVOLUl l t  n 
0. 1 
.580845E+O4 2 
0 1 5 4 3 7 9 E t 0 5  3 
. 2 2 7 7 4 5 € + 0 5  4 
- 9 6 2 3 8 8 E - 5 3  5 
- 1 5 9 2 3 5 E - 0 4  6 
e 2 0 8 4 7 9 E - 0 3  7 
. 1 5 9 2 3 0 € - 0 4  8 
- 2 5 1 9 2 7 E t 0 6  9 
e 2 7 1 4 7 5 E t 0 4  10 
.23729ZE*O4 11 
. 9 4 8 2 0 1 € 4 0 3  1 2  
e 6 5 7 9 2 0 E 4 0 4  1 3  
. 1 6 4 7 0 0 E t 0 5  1 4  
e Z Z b 1 6 0 E 4 0 5  1 5  
. 1 7 7 0 5 1 € + 0 5  1 6  
. 6 5 9 0 0 1 € * 0 4  17 
. 2 8 4 2 9 6 E t 0 4  1 8  
THE GOCOIES ARE..... 
SURFACE LQEA. .173645485+06  
THC CENTER-OF-VULUHE CDORDINATES ( X C G , Y C G , Z C G l  9 
VOLUME. , 3 7 1 7 4 1 7 7 E t 0 7  
FINENESS R A T I G .  . 5 0 5 5 4 4 6 5 E + 0 1  
*** CROSS-SECTIONAL INFORHATION ***  
X A R E A S  
0. 
. 30000000E*01  
.50000000E+OZ 
1 2 8 0 0 0 0 0 E * 0 3  
152OOOOOE+03 







. . . . . . . . . . . . . . . . . . . . .  
I E X I T  F U S 2 *  . . . . . . . . . . . . . . . . . . . . .  
0. 
. 2 7 7 2 0 2 7 4 i * 0 2  
.36550566E+03  
.17294584E+04  
- 2 3 7 3 6 7 5 2 E t O 4  
2750298OE+04 
. 3 1 0 8 4 3 7 3 E t 0 4  
.37402422E+C4 
.706277 55E +04  
. 1 0 3 2 4 5 0 9 i + 0 5  
~ 1 1 0 6 3 0 1 1 E + 0 5  
.771754  56E+04  
.4CO94009E*03 0. 2 3 5 7 4 5 1 8 E t O Z  
*********** LUNGITUOINAL SEGbENT INFORHATIJN *t+++++++++ 
SURFACE AREAS V @ L U ? l E S  CENTERS-OF-VOLUNE 
. 3 9 7 2 0 3 3 7 € + 0 2  
.21819592E+04  
.27720274E+02  
7 8 1 8 0 1 5 2 E * 0 4  
.75174066E+05  
.48855875E+C5 
3 0 7 0 7 5 3 2 f * 0 5  
. 3 5 1 5 1 5 2 0 E t 0 5  
.8291311ZE+05  
.53665bbOE+06  
. 8 6 5 3 5 2 6 0 € + 0 6  
e 1 2 8 3 2 3 4 7 i t O 7  
. 7 5 1 6 2 5 5 5 € + 0 6  
~ 2 0 0 0 0 0 0 0 E + 0 1  
.30864164E+02  
e 9 3 6 7 3 1 9 9 E t 0 2  
. 1 4 0 2 3 3 3 9 € + 0 3  
. 1 5 8 0 5 1 8 5 E * 0 3  
. 1 7 0 0 3 1 0 3 E t G 3  
. 1 8 8 0 6 1 9 7 € + 0 3  
a 2 5 0 9 8 9 6 8 E t 0 3  
. 3 5 1 0 4 9 7 7 € + 0 3  
. 4 6 0 3 0 5 5 8 € + 0 3  
. 5 5 9 8 0 7 8 2 E * 0 3  
~ ~~ ~ 
........................... 
* E N T E R  U I N G E X *  
+*******I****************** 
S U I N G  
I H P U T  
AY 
A R M  
Bk 
C E Y  
8 1 E Y  
TR U 
S w E O B  
S Y E L G  
fkl 
A # G R  










R P D E  
ThRD 
YTHK 
T C  0 
IDIHE 
A h R  
AUT 























( F i n  gene ra t ion )  
I H P U T  =l D ****************** B i l  .10000€+03 SWEOB= . 5 2 3 0 0 E + O t  
AUTOMATIC GEOHETRY C9W . .15295E+03 SWELG. . 5 2 3 C O E + O Z  
GENERATION CHOSEN B l B V -  0. 0 S k l  = 0. .+*+***++****+***** TRW , 3 6 3 0 0 E t 0 0  A Y G R  0. 




, I C H R D  = 1  D . . . . . . . . . . . . . . . . . . . . . . . . .  
SLAB-SIDED A I R F O I L  CHOSEN XWD1- .99990E+00 hYU= 4 
+++*+***+~+*+++****+*****  XWDZ= 0. 0 KXU- 6 
IRADE =l . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
LEADING-EDGE RADIUS COVSTANT 
FOR t N T I R E  SURFACE R I D E =  .7500DE+00 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . .  
COhSTANT THICKNESS RATIO TURD= . ~ 7 5 0 0 € + 0 0  . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  CONSTANT EEAN CAHBER L I N E  THICKNESS R A T I O  TCO. 0. D 
--- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
LEADING-EDGE DIHEDRAL WILL a E  C O Y P U T E D  A W R =  0. , I P R N T  = 3  
+ + * + C I * + + C * l + * + + * * ~ + * * * * * * * * + t  ANT= 0. D ' I rERGC=-3 
I 
(The l e t t e r  "D" following some of 
t h e  input  values  i n d i c a t e s  t h a t  









. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T H I S  COV?3hENT WILL BE MESGED 
w I T H  TdE FUSELAGE NDEBUG=O 
* * * * ~ * * * C * * * * * * * * * * * * * * * * * * * *  
I T E E T d = O  D 
ICON = O  D 
REFLw = 0. 0 
- - - - E N D  N A H E L I S T  W I N G  I N P U T - - - - -  
END OF I h ? U T  FCR GEONETRY GENERATION OF F I N  
.- __ - . .  
a r s ~ c  G E N E R A T E D  G E O M E T R Y  I 
I IO 184.9057 IOO.OOOO .oooo 10 1 8 4 . 9 0 5 7  100.0000 -e0000 
k 
P T  I 
C R Y  152.950 AH .000 
CT 5 5 , 5 2 1  0.000 
2000000 X B A R Y  0.000 
D 1  = 0.000 SUO 17.722 





































/ C H O R O  4 I O  











e 0 5 1 3  
e 1 9 9 2  
- 4 2 0 5  
. b e d o  
38 .7497  
7 6 . 6 1 1 3  
1 5 2 . 9 3 4 7  
152 .9500  
43 .1283  
43 .1737  
4 3 . 3 2 6 8  
4 3.5494 
4 3 . 8 1 7 2  
7 3 . 7 6 0 3  
1 0 3 . 7 0 3 5  
133 .6467  
163 .6019  
86 .2566  
86.3091 
56.4556 
86 .6768  
8 5 . 9 4 7 1  
158 .7715  
13C.  5 5 6 0  
1 5 2 . 4 2 0 5  
174 .2450  
174 .2538  
114 .a730  
163 .5899  
129 .3849  
1 2 9 . 4 3 6 7  
129 .5851  
1 2 9 . 8 0 3 5  
130 .0788  
143 .7842  
1 5 7 . 4 8 9 5  
171 .1948  
1 E 4 . 9 0 0 2  











33 .3333  
3 3 .  ? 3 3 3  
3 3 . 3 3 3 3  
33 .3333  
33 .3333  
33 .3333  
33 .3333  
33.3333 
33 .3333  
33.3333 
66 .6667  
6 6 . 6 6 6 7  
66.6667 
6 6 . 6 6 6 7  
6 6 . 6 5 6 1  
66 .6667 
6 6 .  t 667 
66.6667 











Z U  
0.0000 
2 7 2 6  
- 5 0 7 9  
6 7 3 8  
,7474  
3.9064 
7 . 0 6 5 3  
1 0 . 2 2 4 2  
13 .3331  
.oooo 
0.0000 
, 5 0 8 3  




10 .5414  
.oooo 
0.c000 
- 2 7 3 2  
. 5 0 8 8  
6 7 4 b  
- 7 4 7 6  
2.4857 
4 .2237  
5.9617 
7 . t 7 9 8  
.0000 
0.0000 
- 2 7 4 0  




















































- 1 9 8 2  
e 4 2 0 5  
, 6 8 8 0  
3 8 . 7 4 9 7  
1 1 4 . 8 7 ? 0  
1 5 2 . 9 3 4 7  
152 .9500  
4 3 . 1 2 b 3  
4 3 . 1 7 9 7  
4 3 . 3 2 6 8  
43 .5494  
4 3 . 8 1 7 2  
7 3 . 7 5 0 3  
1 0 3 , 7 0 3 5  
133 .6467  
163 .5899  
1 6 3 . 6 0 1 9  
8 6 . 2 5 6 6  
86.303 1 
t 6 . 4 5 5 6  
86.6788 
8 6 . 7 4 7 1  
1 0 8 . 7 7 1 5  
1 3 0 . 5 9 6 0  
152 .4205  
1 7 4 . 2 4 5 0  
1 7 4 . 2 5 3 8  
129 .3849  
129 .4367  
129 .5Y51  
129 .8095  
130 .0788  
1 4 3 . 7 8 4 2  
1 5 7 . 4 8 9 5  
7 6 . a i 1 3  
171 .1948  











0 . 0 0 0 0  
33 .3333  
3 3 . 3 3 3 3  
3 3 . 3 3 3 3  
33 .3333 
3 3 . 3 3 3 3  
33 .3333  
33 .3333  
33.3333 
33 .3333  
33 .3333  
6 6 . 6 6 6 7  
6 6 . 6 6 6 7  
6 6 . 6 6 6 7  
66 .6667  
6 6  6 6 6 7  
66 .6567  
6 6 . 6 6 6 7  
56.6667 
6 5 . 6 6 5 7  









1 0 0 . 0 0 0 0  
Z L  
0.0000 
- .2726 
- e 5 0 7 9  -. 6 7 3 6  
-.7474 
-3 .9064  
-7.0653 
- 1 3 . 2 2 4 2  





- e 6 7 6 1  
- .7475 
-3 .1960  
-5 .6445  




- .2732  
- .5088 
- e 6 7 4 6  
- e 7 4 7 6  
-2.4 6 5 7  
-4.2237 
- 5 . 5 6 1 7  









- 4 , e w i  
i ( F i n  geometry be fo re  





1 C A L C U L A T E D  P A R A f l E T E R S  
1 F I N  G E N E R A T E D  GEiJfl  E T R  Y 
-5 .6445 
- ? e 0 9 3 5  
-1  0 .5414  










P T  
. 01C55180  .03922G90 -.CC922090 10 e 3 1 2 3 7 2 5 5  
l1 ,01433492  . 0 1 9 2 1 5 6 1  - . 0 1 0 2 1 5 6 1  1 2  .01E44993  
1 3  - 9 1 8 7 2 9 4 5  G l l 3 4 3 5 0  - .01134350  1 4  .0211l?527 
,0266E809  1 5  n C i 3 6  342C 0 1 2 6 1 6 4  5 - .C1251645 1 6  
1 7  e 0 2 3 7 6 3 9 6  , 0 1 4 0 4 4 9 2  - .01434492  1 8  . 0 ? 3 0 7 9 0 8  
- 0 4 0 5 0 2 9 6  1 9  , 0 3 6 6 5 2 6 6  - 0 1 5 6 3 6 4 8  - .01>63648  20 
. 0 4 9 1 2 6 6 6  2 1  e 0 4 4 6 5 3 3 9  0 1 7 3 3  3 3 2  -. C 1 7 3 9  3 8  2 2 2  
23 ,05394786  , 0 1 9 3 1 1 7 9  - .01931179  2 4  , 0 5 9 1 4 4 0 7  
, 0 7 0 7 6 0 4 6  2 5  , 0 6 4 7 4 4 4 6  - 0 2 1 3 7 3 2 6  - .021373?6  2 6  
2 7  , 0 7 7 2 8 5 9 6  , 0 2 3 5 4 3 2 4  - .02354324  2 8  . O B 4 2  9 7 4 7  
-0 '3999904  29 . 0 9 1 8 > 4 3 6  . 0 2 5 7 6 0 8 1  - . 0 2 5 7 6 0 8 1  3 0  * * * * * * * * * * * * * * * * * *+* * * * * *  
* E X I T Y I h G E X 












































t a C R 0  4 
xu 
471 .7000  
471 .7513  
4 7 i . a q 8 2  
472.1205 
4 7 2 - 3 8 5 0  
510.4497 
542 .5113  
566 .5730  
6 2 4 . 6 3 4 7  
624 .6530  
51  4 , t i Z B  3 
514.8797 
515 .0268  
515.2494 
515.5172 
545 .4503  
575.4035 
6 0 5 . 3 4 6 3  
6 3 5 - 2 3 4 9  
6 3 5 . 3 5 1 9  
557 .9566  
558 .0581  
558 .1556  
55.5.3766 
558 .6471  
5eo .4715  
t 0 2 . 2 3 6 0  
6 4 5 . 9 4 5 0  
6 2  4.1205 
645 .9536  
601.0849 
601.1367 
601.28 51  
601 .5095  
601 .7788  
615 .4342  
620 .1895  
b 4 2 . 0 9 4 0  
6 5 6 . 6 0 5 2  
Y U  zu P T  X L  YL Z L  
0.0000 54.0000 1 
- .2726  54.0000 2 
- .5079 5 4 . 0 0 0 0  3 
-e6733  5 4 . 0 0 C O  4 
-e7474  5 4 . 0 0 0 0  5 
-3 .9064  54.3000 6 
-7 .0653 54.0000 7 
-10 .2242  54.0500 A 
-13.3831 54.0GOO 9 
6 1 .  nnnn n 0.0005 
471 .7000  0 .0000  54.0000 
4 7 1 . 7 5 1 3  - 2 7 2 6  54.COOO 
4 7 1 r B V ~ Z  .5379 54.0000 
472 .1205  - 6 7 3 6  54.C000 
4 7 2 . 3 8 6 0  - 7 4 7 4  54 .0005  
510 .4497  3 .9364  54.0COO 
548.,113 7 .0653  5 4 . 3 0 0 0  
5 0 6 . 5 7 3 0  1 0 . 2 2 4 2  5 4 . 0 0 0 0  




- . 6 7 5 7 .  
-.74?9 
-1 7 7 %  
-2.8030 
-3.8 305 
-4 .8 5 U l  
154.0000 
154 .0000  
1 5  4.0000 
154eC000  
154 .0000  
154.0000 
154 .0000  
15 4.0000 
1 5 4  O G O O  
601 .0649  
601 .1367  
b 0 1 . 2 8 5 1  
6 0  1.5095 
6 0 1 . 7 7 8 b  
615 .4842  
5 2 9 , 1 6 9 5  
542 .e948  
6 5 6 , 6 0 0 2  
0.  OJOO 
- 2 7 4 0  
,5101 
~ 6 7 5 7  
.7479 
1 . 7 7 5 4  
2.6030 
3.8305 
4 . 8 5 9 1  
1 5 4  OGOO 
1 5 4 . 0 0 0 0  
154 .0000  
154 .0000  
1 5 4 . 0 0 0 0  
1 5 4 . 0 0 0 0  
15C.  4 0000 0 0 0 0  
154.0000 
656 .6057  0.0300 1 5 4 . 0 0 0 0  1 0  656 .6057  0.3000 154 .0000  
( F i n a l  generated geometry) 
L L E U  
. 0 0 4 6 2 3 2 1  
.006617138 
B O  (i 8 1 2 5 9 5  
. 0 0 8 7 6 9 6 2  
0 0 0 9 7 0 2 3 8  
. 0 1 0 7 6 2 1 5  
. 0 1 1 3 6 1 1 4  
-01 33 1068 
.01482COO 
0 1  6'1 9 4 5 2  
e 0 1 8 3 3 3 4 6  
.O203262B 
e 0 2 2 4 4 7 7 7  
. 0 2 4 6 5 1 1 8  
0268 5858  
Z L E L  
- . 00462321  
- .00601788 
- . 0 0 8 1 2 5 9 5  
- .00876962  
- .00970238  
- .01196114  
-.01331068 
-.01482000 
- . 3 1 8 3 3 3 4 6  
-.02032628 
- . 02244777  
-.02465118 
- . 01076215  
-.0164Y452 









. . . . . . . . . . . . . . . . . . . . . . . . . . .  
) E N T E R  U I N G E X *  
c * * * * * * * * * * * * * * * * * * * * * * * * * *  






l l B U  







f b D 1  
CUD2 
4Y u 
S S P A C E  
\ P C U  
GPCL 
I R A D E  
CAOE 
TURD 
Y T H K  
TC D 
I D I H E  
AUQ 
A U T  
Y D I H  
Z D I H  
T W I S T X  
X l t l  
Y B R  
Z 0 R  
THETA 
qau 
(Hor i zon ta l  t a i l  gene ra t  i on )  
XROTAT e597Et03 ,  
Y R 5 T A T  . .bC3EtOZ, 
Z R O T P T  = . 4 5 E t O Z ,  
I F R h T  3 ,  
IHERGE 0 - 3 ,  
NCESUG 1, 
I T i i T H  01 
I C O N  0, 
N P H X  c, 
I F L A P  - 01 
XCQR * el€-59,  
D L L F U  - 1 E - 5 9 ~  
DELFL  .LE-59, 
ZCOR 0 . lE-59, 
ZCOT .1E-59, 
C t F L U  0 0.0, 
S E N D  








t++*+++*+,*++++++l+t****** THETA. .60000E+02 
ROTATION IN ROLLIPITCHIYAU ALPHA. - .50000€+01 
*********+++*++*****+++*++ B E T I  .10000E+OZ 
AUTJMATIC GEOMETRY CRU = .19690'3+03 SUELG= . 5 4 5 0 G i + O 2  
GENERATION CHESEN BlBk'. 0. D S W 1  0. 
*+***t*****+**+**l  TQU = . 3 7 5 0 0 E t 0 0  A h G R  = 0. D 
A N G T  = G. D 
i C O K  -0 0 
REFLW = 0. 0 
E N D N A H E L I S T U I N G I N P U T---------- ----- 
ICHRO =I. 0 . . . . . . . . . . . . . . . . . . . . . . . . .  
SLAB-SIDE0 A I R F O I L  CHOSEN XUD1- . 5 0 0 0 0 E t 0 0  0 hYU. 4 
+ * * * * + * + * * * t * t * C * * * + * * * * *  XkDZ= 0. 0 hxu= t 
IRAOE *1 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
LEADIFtG-EDGE RADIUS CONSTANT 
F O P  t N T I R E  SUCFACE R I D E -  . 7 5 0 0 0 E t 0 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . .  
CONSTANT THICKNESS RAT13 TCRO- .6000OE-01 . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
COKSTANT HfAN CAilBER L I N E  THICKNESS R A T I O  TCD. .30000E-01 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I D I H E  m l  0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
LEAOING-E9GE DIHEDRAL W I L L  B t  COPPUTED AYR. 0. D +****++*****+*)*****************$***** AUT- 0. D 
T Y I S T X *  0 0  0 
t+*t*~**+*+**t~*~*** xy1-  . 3 8 0 ~ 5 ~ t 0 3  
TRANSLATION IF X t Y t Z  YBR* 0. D 
++****+it*********** ZBR. . 4 5 o o o ~ t o ~  
END OF I N P U T  FOR GEOWETRY GEKERATION OF HORIZONTAL T A I L  - 
(The l e t t e r  "D" i n d i c a t e s  t h a t  
t h e  d e f a u l t  w a s  chosen) 
I 
1 , --- 
******+*+*****  XQ3TAT= . 5 9 7 0 0 E t 0 3  
ROTATION ? O I N T  YROTAT= .6430CEtOt  
* * * * e * * * * * * * + *  Z2JTAT= . 45000E+OZ 
IPRFtT = 3  
IMERGE=-3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T H I S  C C H P J N E N T  W I L L  BE YERGED 
U I T H  TnE FUSELAGE NOEBUS=1 D 
* * t * C * * * * * * * * * * * * * * * * * * * * * * * *  
1TEETil.O 0 




















































- 0 3 7 1  
,1446  
e 3 1 2 0  
- 5 2 2 6  
. 7558  
49 .5029  
98.4530 
1 3  1 2 6 6 7  
1 6 4 . 0 6 3 3  
1 9 6 . 9 3 0 0  
54 .3255  
54 .3627  
54.4705 
54.6382 
54 .8493  
55.0828 
93.6739 
1 3 2 . 2 6 5 1  
158 .2449  
184 .2248  
210 .2047  
1 0 8 . 6 5 1 0  
l G 8 . 6 3 8 3  
108 .7$26  
1 0 d . 9 5 5 0  
109 .176a  
109 .4109  
137 .7455  
166.0602 
1E5.2232 
204 .3663  
223.5093 
162 .9765  
163.0142 
163 .1234  
163 .2932  
1 6 3 . 5 3 6 6  
1 6 3 . 7 4 2 0  
l b l . 5 l 8 6  
199 .8952  
212 .2015  




















38 .7505  
3 7  7 5 0 3  




77 .5003  






7 7 5 005 
77.5000 
77 .5000  
116 .2500  
116.2503 
116.2 500  
116 .2500  
116.  i 5 C O  
116 .2503  
116 .2503  
116.2500 





- 2 3 2 9  
- 4 4 2 7  
.6GEd 
e 7 1 4 7  
.7554 
6.2847 





- 2 3 3 1  
. 4 4 3 2  
6093 
- 7 1 5 1  
.7555  






. 2 3 3 7  
- 4 4 4 0  
.6102  
































































- 0 3 7 1  
,1466  
, 3 1 2 0  
- 5 2 2 6  
,7558 
49.6029 
9 8 . 4 5 0 0  
1 3 1 . 2 6 6 7  







55.08 2 8  
93 .6739  
1 3 2 . 2 6 5 1  
15d .2449  
164 .2248  
210 .2047  
108.15510 
103 .6683  




137 .7455  
1 6 6 . 0 3 0 2  
l d 5 . 2 2 3 2  
2 0 4  3 6 6 3  
223.5093 
1 6 2 - 9 7 6 5  
163 ,0142  
1 5 3 . 1 2 3 4  
163 .2932  
1 6 3 . 5 0 6 6  
1 0 3 . 7 4 2 0  
121.81P6 
199 .8952  
2 1 2  a 2 0  1 5  





0 .0000  
O.OOC0 
0.0000 
0 .0000  
O . O J G 0  
lJ.0900 
0.0000 
38 .7500  
38.7500 
38.7500 
3 8 . 7 5 0 0  
38.7500 
38 .7500  





77 .5300  
77.52GO 
7 7 . 5 3 0 0  
77 .5300  
77.5300 
77 .5000  
77.5000 
77 .5300  
77.5000 
77.5000 
1 1 6 . 2 5 0 0  
116 .2500  
116.2500 
116 .2500  
116 .2500  
llb.?.>00 
116.2500 
1 1 6 . 2 5 0 0  







- . 6 0 6 8  
-.7147 
-.75CO 





0. ocoo  
- . 2 3 3 1  
- . 4432  
-.6093 
- .7151  





0.0000 -. 2 337 
- . 4 4 * 5  
- e 6 1 0 2  
- .7157 





0.0000 -. 2 3 4 7  
- . 4 4 5 9  
- .6122 
-.7170 -. 7 4 9 8  
-.3749 
.oooo -. 0000 
-.oooo 
(Hor izonta l  t a i l  geometry 
before  t r a n s l a t i o n  and 




C A LC Ul A T E  0 P A R  A N E  T E  R S 
.000 C R Y  I 196.900 A M  I 
0.000 CT  73.830 ACT I 
6 1  0.000 SUO 18.950 
B Y  I 232 .500  X O A R Y  0.000 
224.5077 
11 236.8140 116.2500 0 .0000  1 
11 11 
1 
-.. . - -  . ._ .... - ......I.__.-I_ __-__I 
H O R I Z O N T A L  T A I L  GENERATED GEOrlETRY 

















































X V  
394.7175 
394 .7789  
394.9070 













442 .5935  





















5 3 6 - 7 0 5 1  
554.6368 
5 7 2 , 5 6 3 5  
596.3974 















2 3 7624 
23.6003 
2 3  4 8 6 4  
23.4319 
23.4375 



























zu P T  XL YL Z L  
-29.3645 1 394.7175 - 4 . 0 1 3 8  -29.3645 
-29.2453 2 394.7299 -3.8070 -29.4773 
-29.13 14  3 3 9 4 . b l l P  -3.6079 -29.5724 
-28. $630  5 395 .1535  -3.3085 -29.6750 
-29.0341 4 394 .95e2  -3.4360 -29.6406 
-28.9224 6 395.37b4 -3.2378 -29.6722 
-2‘1.9110 7 443.3407 4 .8895  -25.2281 
-14.€$95 @ 45.1.302Y 13 .0168  -24.7841 
-14.0009 9 523 .4981  18 .6937  -17.q239 
-1 3 lC22 1 0  555.6’332 24.3705 -15.0637 
- 1 7 . 7 n w  1 1  6R7.Rhl2 in.n&r& - 1 7 - 7 0 ~ ~  
L E A O I N C  EDGE F I N E  D E T A I L  HAS SEEN TAKEN FROB CHORD NO. 2 
X L E  ZLEU 
1 0.00000000 0.00000000 
3 . 00207778  , 0 0 3 9 6 3 3 8  
5 . 0044?137  .0048306& 
7 e00729503  , 0 0 5 2 6 5 4 0  
9 .010551110 . 0 0 5 8 2 0 3 3  
11 e01433432  - 0 0 6 4 5 9 4 4  
13 - 0 1 8 7 2 9 4 5  .oo 719 2 3a 
15 mJ2383420 .00803180  
17 eO297639tr .OJ899072 
19 , 0 3 6 6 5 2 0 6  .C1008280 
!1 - 0 4 4 6 5 3 3 9  .01132194  
!3  , 0 5 3 t 4 7 8 6  - 0 1 2 7 2 1 6 3  
!5 e C 5 4 7 4 4 4 5  , 0 1 4 2 9 3 9 4  
!7 . 0 7 7 z a w 6  e0 1 6 0 4 8 0 5  
!9 e09165436  0 1 7 9 8 8 0 9  ’ ****+******************* 
’ E X I T  Y I N G E X *  
t * * * * * * * * * * * * * * * * * * * * * * * *  




- .00516920  -. 00 563 582  
-.00674 774  
-.CO616034 
- .00739351  
- .00@11265 
00970  7 7 6  
- .0088d579 
- .01055186  
-.C1141106 
- e01221  Z R 2  -. 0 1 2 8 9  1 7 9  
X L E  
. O O l O C O G O  2 
. 00323940  4 
6 e 0058 4C72 
a .OC836245 
10 - 0 1 2 3 7 2 5 5  
1 2  , 0 1 6 4 4 9 9 3  
1 4  ~ 0 2 1 1 C 6 2 7  
1 6  .UZbb@b09 
.03307908  1 8  
2 0  .04ObC296 
22 , 0 4 9 1 2 6 6 6  
- 0 5 9 1 4 4 0 7  2 4  
2 6  . 0 7 0 7 8 0 4 6  
2 6  e 0 0 4 2 9 7 4 7  
- 0 9 9 9 9 9 0 4  30  
56.4529 10 5 8 2 . 7 2 3 5  6 8 . 4 8 4 5  55 .3087  
56 .9771  11 
85.1321 1 
85.2523 2 
85 3670 3 
05 .4647  4 
85.5355 5 
85.5752 6 
8e .0656  7 
90.5565 0 
90.0935 9 
91.2305 1 0  
91.5675 11 
601.5U40 
5 3  5 .8 7 2 9  
5 3 5 - 8 6 4 6  
535.969 1 
5 3 6  11 78 
536.3159 





60 8 . 3  119 
.. - -  
71 .7060  
79.8973 








90 .5415  
92.6103 
56 .9771  
85 .1321  




8 4 . 8 2 5 4  
86 .5876  
88 3498  
69 .422+  
90 .4950  
9 1  5 6 7 5  
.- 
(Final generated geometry) 
Z L E U  Z L E L  
. 0 0 2 9 5 0 8 1  -.00295081 
e 0 0 4 5 4 3 9 6  - e 0 0 4 5 4 5 1 9  
.0@501569  - .00495645 
e 0 0 5 5 3 3 3 7  - .00539547 
. 0 0 6 1 2 9 0 7  - e 0 0 5 8 9 0 7 8  
- 0 0 6 8 1 3 3 4  - .00644b38 
, 0 0 7 5 9 7 9 9  -.00706510 
e 0 0 6 4 9 5 4 8  - e 0 0 7 7 4 7 8 2  
e 0 0 9 5 1 9 2 4  - e 0 0 8 4 9 2 3 2  
- .00929160 .ClC68312 
.0120CC41 -.01013164 
- 0 1 3 4 8 5 5 4  - .01098812 
- e 0 1 2 5 7 3 4 5  C 1 0 9  $ 4 8  4 
eOlVU2698 - e 0 1 3 1 5 3 1 8  
. 0 ~ 5 1 4 7 e 6  - .01182202 
SCINC 
I H P U T  
AY 
A P Y  
Ek 




1 S l i E L G  
AhGR 
A t i G T  
I C H R O  
xi31 
1 X h 3 2  
N Y  U 
! h X U  
t i S P A C E  
N P C U  
h P C L  
I R A O t  
R A O E  





A a R  
A k T  
Y O I r i  
ZOIH 
T b I I S T X  
X l r l  
YBR 
Ztl9 














(Wing gene ra t ion )  











Y R O T A T  
Z P ! J T A T  
I P R ? t T  
I M E P G E  
f l D S B U G  
I T E E T H  
I C O H  
N P r l X  
I F L A P  
XCCR 
X C O T  
O E L F U  
O t L F L  
Z C O R  
Z C O T  
R t F L L l  = 0.0,  
























TkISTX. 00 D 
. . . . . . . . . . . . . . . . . . . .  X U 1 9  .23770E+03 
+ * * 4 * * * 1 * * + * * 1 * + + * * *  ZRR. - .35217E+02 
. . . . . . . . . . . . . . . . . . . . . . . . . .  THETA. .30000E+02 
R O T ~ T I G N  I N  eCLL,DITCH,IAX L L D H A =  -. 1 ~ 0 0 0 ~ 4 0 1  
.,++*,***)*+.,*+********** BfTA 0. D 
TRANSLATIJN IN X P Y B Z  YBR. 0. D 
(The l e t t e r  "D" i nd ica t e s  t h a t  





I * * ~ L I P * * * - ~ L +  X P ~ T A ~ .  .6cbo, j<+j3 
R ~ I T A T I O " '  PCI'.1 Y P 3 T A T *  3 .  r) 
* + * I C * C ~ ~ L * C + +  ZP?JAT.  -.35217k+32 0 
1 F R t J T  .3 
I P . E R G E =  3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T H I S  COMP3NENT WILL B E  HERGEO 
U I T 4  T r l E  FUSELAGE . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1TtETH.S D 
ICON - 0  0 
REFLU 9 0. D 
c Z N D N 1 M E L I 0 1 Y I N G I N P U T---------- 




BASIC G E t i E R A T E O  G E O M E T R Y  
PT  










1 0  
I 1 2  
1 3  











1 1  
:7 











1 0  
11 
1 2  
1 3  
xu 
0.0000 
, 0 4 9 2  
- 1 9 0 2  
e 4 0 4 6  
- 6 6 4 3  
5 1 .0813  
1 5 1 . 9 1 5 2  
2 0 2 . 3 3 2 2  
101.4332 
2 5 2 . 7 4 9 1  
3 0 3 . 1 6 6 1  
353.5d30 
4 0 4 . 0 0 0 0  
. 4 . 4 1 : 4  
? 4 . , * 4 L  
'9 4. t j 6C 
Y l . . ) ' J ' j . 3  
4 5 . 1 5 5 4  
137.097u 
1 7 2 . 5 ? 3 1  
?il.:,iL 
? > L . 2 ! > 3  
7 :  i.5154 
3 L 7 . ; 4 ; :  
3 f. 6 . 2  7 7 
4 ~ 5 .  C 3 9 6  
1 t 8 . 9 9 0 7  
1 8 9 . 0 4 0 2  
1 8 9 . 1 8 2 1  
1 8 9 . 3 9 7 7  
1 8 9 . 6 5 8 5  
2 1 6 . 7 0 3 7  
2 4 3 , 7 4 8 8  
2 7 0 . 7 9 3 9  
2 9 7 . 6 3 5 0  
324.8BC2 
3 5 1 . 9 2 9 3  
4 0 6 . 0 1 9 5  











0 . 0 0 0 0  
0 . 0 0 0 0  
0.0000 
0 .0003 
> 5 , .  j 5 < 7  
s c  - . ¶ I 5 7  
5 5 . i 9 6 7  
55.9G57 
5 5 .  i Jt? 
5:  .%Os 7 
95 .7957 
.; 5 ' 2  36 7 
? : . ' * ' i t 7  ;:. 'OC7 
..I: ! A 7  
55.5SCI 
1 1 . 8 1 3 3  
1 1 . 8 1 3 3  
1 1 . 8 1 3 3  
1 1 . 8 1 3 3  
11 .6133 
1 1 . 8 1 3 3  
5 . J .  + :I 27 .,: 
1 1 1 . 8 1 3 3  
1 i 1 . @ 1 3 3  
1 1 1 . 8 1 3 3  
l l l . . ' i 3 3  
l l l a P 1 3 3  
1 1 1 . 8 1 3 3  
1 1 1 . 8 1 3 3  
tu 
- 6 6 8 6  




1 1 . 5 9 d 3  
1 8 . 7 4 7 4  
2 2  9 5 5 8  
2 4 . 2 3 4 2  




e F 4 2 6  
22 .5856 










1 0  
11 
1 2  
1 3  
1 
2 
. . .  
XL 
O.OOG0 
, 0 4 9 2  
- 1 9 0 2  
a 4 0 4 6  
, 6 6 4 3  
51.0813 
1 0 1 . 4 9 8 2  
1 5 1 . 9 1 5 2  
2 0 2 . 3 3 2 2  
2 5 2 - 7 4 9 1  
3 0 3 . 1 6 b 1  
353.5d30 
4 0 4 . 0 0 0 0  
5 4 . 4 9 5 4  









0 . 0 0 0 0  
0 .0000 
0.0300 
0 . 0 0 0 0  
0.0300 
0 . 0 0 0 0  
5 5 . 3 3 0 7  
' , ' , . 9 ~ 6 7  
ZL 
- 6 6 8 6  












. b 6 9 6  . 4G7$ 
(Wing geometry before 
translation and 
rot at ion) 
1 
, 0 4 9 5  I 
1. i i O 3  3 7 4 . t 6 6 0  5 5 . 9 0 b 7  .1*17 
1 . 3 q 1 3  4 44 .4063  5 5 . ~ 0 6 7  
I\ C L L , ~ ~ J ~  > , . , ) . I  ~ 
1 .4 r. 25 5 +=.loo3 5>.V?07 . LOO3 
5 ,  Q.,h 7 
e i a M f 4  
1 2 8 3 . 4 9 6 1  1 6 7 . 7 2 0 0  - 6 7 6 0  1 2 8 3 . 4 8 6 1  1 6 7 . 7 2 0 0  e 6 7 6 8  
3 283 .6794 167.7200 1 . 1 9 9 3  3 2 8 3 . 6 7 9 4  1 6 7 . 7 2 0 0  e 1 9 4 1  
1 . 3 8 8 1  4 2 8 3 . 8 9 7 0  1 6 7 . 7 2 0 0  e 0 5 0 2  
2 2 8 3 . 5 3 6 1  1 6 7 . 7 2 0 0  - 9 5 1 2  2 293.5361 1 6 7 . 7 2 0 0  . 4 1 2 7  
4 2 8 3 . a 9 7 0  167.7200 
5 2 3 6 . 1 9 9 7  167.72C3 1 . 4 $ 2 2  5 284.15C7 1 6 7 . 7 2 0 0  .coo0 
4 . 2 1 6 2  (. 2; i . ' . i !4  l h 7 . 7 2 5 C  o.iroo0 
7 3 1 4 . 3 7 7 1  lh7 .720 '1  0. 1015 7 3 1 4 . < 7 7 1  157.7tCL' .OL>3 
7 . l e 3 1  t 3 3 ' 1 . ? 3 5 6  1 6 7 . 7 2 i b  ;I.OL(IC 
7, -4.. 19 . 4 3 4 5 . 5 - 4 5  l t 7 . 7 2 C C  .0330 
13 3 b 3 . , 1 2 3 2  127.72\? . )  b. 7 )  ? 1 1 3  36;.+5j2 1'.7.713C r, . PI !  0 3 
11 3 7 5 . 3 1 1 3  1 6 7 . 7 2 5 )  5 . 3 6 2 ~  1 1  37b.311C, 157.72UO . i l C i J 1  
1 2  3 . 1 l . u 7 0 b  1 5 7 . 7 2 0 3  3 .1333 12  3 Q 1 . 6 7 0 t  147 .720C 0. ocoo 
1 3  407.32;'3 1 6 7 . 7 2 0 3  -.0201 1 3  4117.C273 167.7?3C . 0 300 
C ? # > . > ! - 4  l t 7 . 7 . ' , )  
? ? ? , L . : ~ J L  ;',7.7?1') 
V 3 - > . ; J 4 >  1 ~ 7 . 7 ? ? 3  
10 .3226 7 243.7588 1 1 1 . 8 1 3 3  .oooc 
12.4315 8 270.7939 i i i . a i 3 3  .0005 
1 3 . 0 1 0 5  9 2 9 7 . 8 3 9 0  1 1 1 . 8 1 3 3  . 0 0 0 0  
1 2  06 10  10 324.0342 111.Y133 .COO@ 
9 . 5 8 0 7  11 3 5 1 . 9 2 9 3  1 1 1 . 8 1 3 3  0.0000 
5 .5636 1 2  378 .9744 1 1 1 . 8 1 3 3  .oooo 
-.oooo 1 3  4 0 6 . 0 1 9 5  1 1 1 . 8 1 3 3  0.0000 
- ~ . -  --ILit. 
CALCJLITcO P A r A q t T C P -  
.0c0 
0.000 
O r O O O  
1.035 
c a b  4 0 4 . ~ 0 0  A W  - 
E 1  0.000 SUO 
C T  1 2 3 . > 4 3  A C T  = 


















1 2  













1 2  













U I N G  GENERATED G E O M E T R Y  
xu 
237 .1451  
2 3  7.7901 
237.9274 
238 .1389  
238.39 69  
2 e b . 6 3 3 4  
33b.9546 
3b9.3003 




6 4 1 - 6 9 3 6  
331.7382 
331 .7933  
331.Y209 














453 .3+92  
4CC.33:1 




Y U  
- .3343 
-.4707 
-.5948 -. 6905  
- e 7 4 5 1  
-5.7992 
-9.3737 











4 1  1 4 8 8  
39.5694 
39.1550 
39 .7545  
41.5196 











~ 0 . C 0 2 7  
5 6 . o d 7 r  
zu P T  
-40.9611 1 
-4C. 7241  2 
-40.5066 3 
-40.3372 4 
-40 ,2381  5 
-30.6C56 6 
-23.5353 7 
-191 0 1  14 8 
-17.0246 9 
-17.5722 10 
-20.6 5 76 11 
-26 ,2911  1 2  
-34.4892 1 3  









6 . 4 5 0 5  10 
4.0698 11 
2 5 0 4  1 2  
-6.5225 1 3  
l e . 2 3 8 0  1 
18.4756 2 
18 .6931  3 
l h . b b 1 7  4 
1 ? . i 5 ? 2  5 
23.9132 6 
2 1 . 5 5 0 4  7 
2 G . c  -55 t 
3 c .  9?lC 9 
3C.L 7 1 1  1 0  




2 3 a . 1 5 ~ 0  
29y.ezt17 
239.4194 
333 .2380  
389.6472 
4 4 0 . 0 5 6 5  
490.4658 
540.8751 
591 .2@44  
6 4  1.6936 
331 .73ez  
33  1.791 4 
331.9360 
332 .1529  
332.4137 
3 7 1 - 1 3 8 9  
4 0 9 - 9 6 4 2  
448.5694 
487 .3146  
526 .0398  
564 .7650  
60 3 4 1 0 2  
6 4 2 - 2 1 5 4  
425 .7313  
425.7047 
425 .9299  
426 .1476  
4 2 6  - 4 3 9 1  
453 .45Cl  
450 .4711  
557 .5321  
534 .5131  















48 .0818  
4 b . 2 1 2 7  
48 .3207  
48.3916 
48.4166 
48 .4166  
4 8.4 1 6  6 
4 6 . 4 1 6 6  
4 8 . 4 1 6 6  
48.4166 
4 8 . 4 1 6 6  
46 .4166  






96 .9332  
9 6 .  3 332 
9 5 . 9 3 3 2  
96 .6332  
ib .d332  
Z L  
-40.9611 
-4  1 1 8 6 6  
-41.3710 
-41.4901 








- 3 4 . 4 6 3 2  
-11.3619 
-11.5t177 
-I 1 7724  
-11.8918 
-11.9301 
-11.2 5 4 2  
-10 5 78 2 
-9.9023 
-9 .2263  
-8.5504 





17 .8264  
17.7G67 
17. t b b l  
l C . 1 4 b l  
ld.6121 
1 i C*E 4 2 
1 0 * 5 5 b ?  
20.0282 
( F i n a l  generated geometry) 
m z 
11 5 d B . 3 1 0 4  92.0428 2U.746C 1 1  5 S t . 6 5 5 2  
1 2  61J.6121 94.0514 25.7?05 1 2  6 1 5 . 6 3 6 2  
1 3  6 4 2 . 7 3 7 2  35 .3332 2 1 . 4 4 4 2  1 3  6 4 2 . 7 3 7 2  







1 3  
15  
1 7  
19 
1 2 1  
2 3  
25 
27 
2 9  
1 5 1 9 . 7 2 4 3  
2 5 1 9 - 7 7 0 2  
3 5 1 9 . 9 3 9 7  
4 5 2 5 . 1 2 4 4  
6 5 3 5 . 7 0 0 7  
8 566.3689 
9 581 .7218 
10 5 9 7 . 0 8 7 2  
11 6 1 2 . 4 6 5 2  
12 627.0557 
13 6 4 3 . 2 5 8 9  
5 5 2 9 . 3 d j 5  
7 551.0285 




. 0 0 4 4 9 1 3 7  
.00729503 
. 0 1 0 5 5 1 8 0  
e 0 1 4 3 3 4 9 2  
e 0 1 8 7 2 9 4 5  
e O 2 3 8 3 k 2 0  
e 0 2 9 7 6 3 9 6  
* 0 3 6 6 5 2 0 6  
e 0 4 4 6 5 3 3 9  
e 0 5 3 9 4 7 8 6  
e 0 6 4 7 4 4 4 6  
- 0 9 1 8 5 4 3  6 
. 0 7 7 z a 5 9 6  
144.7114 
1 4 4 . 7 7 4 1  
1 4 4 . i 5 0 1  
144 .5557 
1 4 4 . 5 0 3 7  
1 k 3 . 1 4 1 5  
142.1971 
1 4 1 . 6 6 8 2  
141.5539 
141.8537 
1 4 2 . 5 6 8 5  
1 4  3 6 9 9 7  
1 4 5  2 4 9 9  
D E T A I L  HAS 
002 1 5  6 50 
e 0 0 4 7 8 8 2 1  
- 0 0 5 7 6 6 9 8  
.00685 6 3 5  
, 0 3 8 1 7 3 6 7  
0 0 9 6  1 0 7 7  
. 0 1 1 2 1 7 1 9  
.01259827 
. 0 1 4 9 5 2 6 0  
0 1 7 0 6 8  13 
e 0 1 9 3 1 6 8 9  
. 0 2 1 6 4 7 5 0  
, 0 2 3 9 7 4 8 1  
- 0 2 6 1 6 5 5 7  
. 0 2 8 0 1 8 5 9  
Z L E U  
47.F407 
4 % .  C 7'42 
4 e . 2 9 0 0  




5 4 . 2 7 3 1  
54.7392 
5 4 . 4 8 8 0  
53 .5182 












1 0  
1 1  




. G O 2 1 5 6 5 0  -. 00000 3 1 1  
- . 0 0 0 4 3 6 0 3  
-.COO93475 -. 00  148 4 1 3  
- . @ 0 2 0 8 1 8 0  
-.OL272 1 7 1  -. 0 0 3  39 137  
0 0 4  0 6 9 9  7 
- .GO472420 
- a 0 0 5 3 0 3 5 6  
- . 0 0 5 7 3 2 5 3  
- . 0 0 5 9 0 1 7 0  
- . 0 0 5 h 5 4 0 9  





l G  
1 2  
14 
1 6  
1 8  
2 0  
2 2  
2 4  
2 6  
Z M  
3 0  
5 1 9 . 7 2 4 3  
5 1 9 . 7 7 E 3  
5 1 ' j .  + 2 4 ? 
5 2 0 . 1 4 4 6  
5 2 0 . 4 9 b 1  
5 3 5 . 7 5 4 4  
551.1208 
5 6 6 . 4 7 7 1  
5 0 1 . 6 3 3 5  
5 9 7 . 1 8 9 9  
6 1 2 . 5 4 6 2  
6 2 7 . 9 0 2 6  




. 0 0 3 2 3 9 4 0  
. 0 0 5 8 4 0 7 2  
e 0 0 8 8 6 2 4 5  
- 0 1 2 3 7 2 5 5  
, 0 1 6 4 4 9 9 3  
. O Z l l t b 2 7  
.OZhb8809 
a 0 3 3 0 7 5 0 8  
. 0 4 0 5 0 2 9 6  
, 0 4 9 1 2 6 6 6  
.G591 4 4 0 7  
- 0  7 0  7 8 0 4  6 
.099999G4 
. ~ e 4 2 9 7 4 7  
9 6 . 8 3 3 2  2 0 . 5 0 0 2  
95 .5332 2 0 . 9 7 2 2  




1 4 5 . 2 2 4 7  
1 4  5.24ZrE 
145.2498 
1 4 5 . 2 4 9 8  
1 4 5 . 2 4 9 8  
145.2498 
1 4 5 . 2 4 9 8  
1 4 5 . 2 4 9 8  
145.24Y 8 
145.ZrY8 
4 7 . 3 4 0 7  
47 .51  2 1  
4 7 . 4 2 6 2  
4 7 . 3 0 5 4  
4 7 . 2 6 6 >  
4 7 . 5 3 4 5  
4 7 . 8 0 2 6  
4 8 . 0 7 0 6  
46.3387 
4 8 . 6 0 6 7  
48 .8748 
4 9 . 1 4 2 8  
'4 9.4 10 3 
Z L E U  
. 0 0 4 2 6 7 8 4  
, 0 0 5 2 5 3 7 7  
. 0 0 6 3 1 3 9 6  
. 0 0 7 5 1 5 7 4  
, 0 0 8 8 7 1 5 8  
e 0 1 0 3 9 2 3 5  
. 0 1 2 0 6 5 7 8  
$ 0 1 3 9 5 4 2 3  
e 0 1 5 9 9 1 5 2  
.Olt117d42 
. 0 2 0 4 7 6 3 4  
.O22dlR57 
, 0 2 5 0 9 7 9 7  
, 0 2 7 1 5 0 2 3  
, 0 2 8 7 3 0 5 1  
Z L E L  
.UOO27263 
- . 0 0 0 2 0 5 6 2  
- .00067904 
- . 0 0 1 2 0 3 1 8  
- .00177724 
- . 0 0 2 3 9 7 1 4  
- . 0 0 3 0 5 3 6 8  
- . 0 0 3 7 3 1 2 9  
- .00440265 
-.OOSO2732 
- . 0 0 5 5 4 2 7 4  
- . 0 0 5 8 5 8 1 1  
- .005M4212 
- .00530764 









. . . . . . . . . . . . . . . . . . . . . . . . .  
* E X I T  . U I N C E X *  . . . . . . . . . . . . . . . . . . . . . . . . .  
*+++*+**+***+*++*+***~*** 
* E E t T E R  M E R G E +  
+*++*++ , .C+*+*C** * *+* * * * *  
INTERSECTION CANNOT BE FOUND FUR R A Y  1 2  OF U P P E R  SURFACE WING 
I N T E R S E t T I O N  CANNOT BE FOUND FOR FAY 1 3  OF UPPER SURFACE b I N G  
I N T t R S E C T I O h  CANNOT BE FOUND F O R  RAY 12  OF LOWER SURFACE WING 
THE FJLLCUING CHORD DESCRIBES TME UPPER AND LJWER INTEZSECTIONS O F  THE WING WITH THE FUSELAGE. 
INTERS~CTION C A N N O T  e E  FOUND F O R  RIY 1 3  O F  L O W E R  S U R F A C E  W I E ~ G  
CHORD P T  x I U  Y I U  z I U  X I 1  Y I L  Z I L  
3 
1 . 4 0 0 8 3 E t 0 3  . 8 3 6 7 3 E t 0 2  .10398E+OZ . 4 0 0 8 3 € * 0 3  .P3673E+02 . 1 0 3 9 8 t t O Z  
2 . 40103E*03  .83015E+02  . 1 0 6 8 3 E t 0 2  ~40074Et03 e 8 3 7 2 j t t C 2  .10125EtO2  
3 . 4 0 1 1 8 i t 0 3  , 8 3 4 9 h E t 0 2  .10905E+02  .4i)r377Et33 , 3 3 7 7 2 t t C 2  . 4 9 0 2 3 E + 0 1  
4 ,4013e € t 0 3  .P3393: t u 2  l l O 6 7 i t O Z  .40O'40k t o 3  . L 3605E + @ 2  . Y7575E t o 1  
5 , 4 0 1 h Z i t 0 3  . e 3 ? 3 t c + d Z  . l l l ~ l ~ + O 2  . 4 0 1 1 4 € + 0 3  .63b15k+CZ .F71J2;+01 
6 . 4 3 0 t t E + 0 3  . 7 9 $ 4 7 _ + 0 2  . 1 0 4 d 4 t t 0 2  , 4 3 1 2 5 E t 0 3  .d3777E+CZ 
I 7 , 4 6 0 4 5 c t 0 3  .?74345+02  .2036QG+C2 . 4 0 1 3 7 k + 3 3  .6373 !4+G? 
8 . 4 9 f l 4 1 E t 0 3  a 7 5 9 6 7 E t 0 2  . 2 2 6 3 7 S t 0 2  . 4 9 1 3 ' i + O 3  .335(1Jt+C2 
I 9 . 5 2 0 5 7 € + 0 3  .7538dE+O2 .23345F+CZ .5214LF+O3 . C 3 3 7 5 t + b 2  
1 0  a 5 5 0 9 2 i t 0 3  . 7 5 7 5 E i + b 2  . 2 3 3 9 Z t t C Z  .5515GE+03 . 3 ? i 5 3 t f C 2  
1 1  . 5 6 1 4 2 E t 0 3  .77091E+OZ .21+74EtO2  . 5 8 1 6 2 t t 3 3  . * 2 9 o ~ t + C E  
I 12 , 6 1 1 4 3 E t 0 3  .77081E++02 .16 t iR?E+@2 . 5 1 2 2 l t + O 3  . Y Z Y ? ' : t + O Z  
1 3  . 6 4 2 5 2 i + 0 3  .77031Z+Ci? , 1 0 0 3 5 C t 0 2  . 5 4 2 5 ? E t 3 7  .?2C*. ' L * C Z  
i THE FOLLOWIYG CHOFO O F S C R I B E S  Td2 UDPkR A L D  L'.'Yci? 1hTEbj:CTIGSS O F  TPE n u h I Z . T A I L  
I C H 3 h D  P T  X I L I  Y I J  Z IU X ! L  T I L  
. 1 0 2 1 3 t t O 2  
. 1 0 7 1 7 t * 0 2  . i l 1 4 3 E t 0 2  
. 1 1 5 5 6 € t O Z  
11 9 7 1  i t 0 2  
. 1 2 3 b t k + C 2  
.12317C+O2 
- 1 3 4 4 7 E t C Z  
h i l ' l  T H t  FUSELAG€. 
Z I L  
4 
1 . 4962FE+03  .56365C+02 . 5 3 0 2 2 c + 0 2  
2 . 4 9 6 4 5 € + 0 3  . 5 6 2 3 2 i + 0 2  . 5 3 2 2 6 t + 0 2  
3 , 4 9 6 6 6 E t 0 3  . 5 6 1 1 7 € 4 0 2  .534 i )5€*02  
4 .49609E+03  . 5 6 0 3 0 t + 0 2  .53539E+02  
5 , 4 9 7 1 2 i t O 3  . 5 5 9 8 0 t + 0 2  e53616EtOZ 
6 e 4 9 7 3 2 i t O 3  .55970E*02  .53633E+02  
7 . 5 2 0 5 2 € + 0 3  . 5 5 7 0 0 E t 0 2  . 5 4 1 3 9 F + 0 2  
8 . 54537E+03  . 5 5 3 9 8 € + 0 2  e 5 4 6 9 8 E t 0 2  
9 0 5 6 1 6 5 E t 0 3  e 5 7 7 9 6 E t 3 2  .51072E+02 
1 0  . 5 7 9 3 7 € + 0 3  .60404E+02  . 4 7 1 2 7 t + 0 2  
11 e 5 9 8 7 2 E t 0 3  e 6 3 2 5 2 E t 0 2  . 42819E+Ot  
ADCHRD-CHORD(S) 3 T i i R O U G H  3 HAVE SEEN S E T  TO CHORP 
ADCHRD-CH9RD(S) 3 THROUGH 3 H A V E  B E E N  SET TO CHPRO 
, 4 9 5 2 9 L t 0 3  .55365E*C2 .53022 '+02  
.49618E+f l3  .565JIE+CZ .>ZUliZ+OZ 
k 0 6  14E t 3 3  5 0 5 ; >  t + C ?  6 2 2 5 1 6 E t O 2  
. 4 9 6 1 7 i * O 3  .567321+02  . 5 ? 4 5 6 € + 0 2  
, 4 9 6 2 8 E t 0 3  .5b504c+C2 ~ 5 2 3 4 6 E t 0 2  
.49644E+33  .5683bF+U2 a 5 2 2 9 8 E t 0 2  
- 5 1 9 4 6 E t 0 3  .5601SE*02  .50459E+O2 
. 5 4 2 5 3 t t 0 3  .59+7*E+CZ .4U+16EtCZ 
. 5 6 0 G l t + 0 3  .60649E+OZ . 4 6 6 7 5 € + 0 2  
.57869E*03  .61906 i *OZ . 4 4 8 1 4 E t 0 2  
e 5 98  7 2  L 4 03 6 3 2 >Zi + 0 2  4 2 8  1 PEt 02 
2 F O R  U P P E R  SUCF H5QIZ.TAIL 
2 FOR T H E  LOkER S V R F A C i  HORIZ.TAIL 
(Wing: IMERGE = 1) 
3- 
-3 






(Horizontal t a i l :  
IMERGE = 1) 
- - ---. _. -_ - -- -- . -_ - 
B E G i h  5EARCH F 3 K  INTEQSECTICY OF FUSELAGE U I T 4  F I N  .I. 4 ( f i n :  IMERGE = -1, NDEBUG = 1) 
Fit; IS C K  F'JSELAGE CENTEQLINF. MID-1 1HIO.l V i R T I C A L t  PIO.2 V E Y l 2 A L l  
HAS LEADING- iSGE R b Y  G i G t l f T R Y  OF F I h  ' B E E N  SHIFTED.--O--(G-NOtl-YESJ 
L I t q E  1 4  I i d T E K S ~ t T S  P L Y  1 A T  k1,vIrZ.I.  .5200E+03 0. .666it+oz F R U M  R A Y  E a s  A T  YI. XITEST. . C B B O E * O ~  
L I N E  2 3  INTER5:CTS J 4 Y  1 A T  XI iYl , ; I*  .600CE+03 0. ..6900€+02 F R O M  RAY E C S  A T  Y I P  XITEST. . 4911 i *03  . . 
( P h i s  i s  t h e  f i r s t  occurrence o f  t!ie r a y  secment i n t e r s e c t i n g  two fuse l age  panel  s i d e s .  LINE 14 
I 
i is the panel s ide  connect ing c o r n e r  p o i n t s  1 and 4. 
X T Y Z : ? '  i s  t h e  correspondinp; X a t  Y I  on t h e  r a y  s e p e n t . )  
LINE 23 connects  p o i n t s  2 and 3. 
Yo - cont inue t o  next  
fuse l age  panel  . . .  
5 XI 5 X(K+l) 
s 1486.7 9 600.0 --  
005) EXTSAPDLATF3 X I  L I t  w l T H I N  CD9SS-SECTICh RANGE X I .  ,4867Et03 4 
THE TEST-RA~GE O F  T Y E  , F I N  ' S P A N S  CHORDS 1 T O  4 B Y  3. 4 ( s u r f a c e  r a y  l i m i t s  of sea rch )  
PAY 1 SPANS FUSELAGE CR3S5-SECTIONS L O  TO 12. 4 ( f u s e l a g e  l i m i t s  of s ea rch )  I 
, I  
I 
, 
! . .i0 2 1  - .99999€-59 .77269E+00 . l t938E*01 -.99999E-59 0 .  . 
-.99999E-59 -.31057E*03 . C O l @ 3 E * 0 3  -.99999E-59 0. 
-.99999E-59 .772BJE+00 .12930!*01 -.99999E-59 0 .  
-.15?39E-59 - . 3  1 0 5 7 ~  * c 3  e 4 0 1 8 3 E t 0 3  -.3F999E-59 0. 
i 0 2 1  
! %  
, c d  
t m1207Et33 (YtYtL)Z* .6GllF+03, 0. 9 .1540E+03 
The r ay  segment i s  desc r ibed  by Y = DYDX*X + BY; Z = D Z D Y t Y  -+ BZ; e t c .  
The v a r i a b l e s  I Y X ,  I Z Y ,  . . ., I Y Z  d e s c r i b e  t h e  r a y  equa t ions  i n  t h e  
VX p lane ,  ZY p l ane ,  . . ., Y Z  p lane .  Each i s  f lagged as follows: 
I Y X  = 0 ;  s lope  # 0 i n  YX p lane  . 
1; s l o p e  = 0 i n  YX p lane  
2 ;  s l o p e  = m i n  Y X  p lane  
._ 
.' 
L I N E  2 3  I N T E R S E C T S  2 A Y  1 A T  X I r Y I i Z I .  . 5 2 0 0 C t 0 3  0. .6561C+O2 F F ' l f l  R A Y  E O S  AT Y I r  X I T E S T .  0 4 8 8 O E t 0 3  
D O E S  iXTRAPOLATE0 X I  L I E  U I T H I H  CR3SS-SFCTIOY R A N G E  X I .  .4867E*C3 
' O C E S  tXTRAPGLATE0 2 1  L I E  U I T . I I f 4  2 - K h N G t  O F  F U S L  P P H E L  21. . 6 5 6 2 E + 0 2  
JCES EXTRIP9LATED Y I  I . I E  rlITt!!IN Y - Z i t i G F  2F FUSC P P K i t L  Y I -  0. 
L I K E  0 ILTERSECTS RAY 1 A T  X I , Y I r Z I *  . 4 8 6 7 E * 0 3  0. * 4 5 6 2 E + O 2  F R O H  R A Y  5 1 5  A T  Y I P  X I T E S T *  m 4 8 6 7 E t 0 3  
; I S  Y I  ' d IT . ( IN  Y - T E S T  R A N G E  O F  R A Y  1 
I S  X I  C I 1 4 I N  X - T t b T  RANGE O F  R A Y  1 
' 2 . C O O O E t 0 3 ,  . 5 2 0 0 E t 0 3  , 3 9 9 l E t 0 2 ,  . 4 3 0 4 E t O Z  . 3 7 8 8 E t O 2 1  a 6 6 6 1 E t O Z  . 4 4 6 9 E * 0 2 ~  . 6 4 8 3 E t 0 2  .4671EtOZ1 0 6 1 2 5 E t 0 2  
RAY 1 SPANS F U S E L A G E  C R J S S - S E C T I O N S  Q TO 10. 
Y i Z ( K t 1 i  J t 1 ) - 3  - % Y t Z ( K ~ J t 1 1 - 4  J X ( l 0 r  X l K * 1 )  Y , Z ( K # J ) - l  Y,Z(K+ l r  J) -2  
1 e3COOEt03 i  .4000E*03 00 D .6906E*CZ 0. p . 6 3 0 4 € + 0 2  e 3 9 9 1 E t O Z r  . 6 3 0 4 € + 0 2  .1b,JE*O2D . 6 0 0 6 6 + 0 2  
LIhE 14  INTERSECTS R A Y  1 A T  X I j Y I . Z I *  .30COE*J3 0. .6006~*02 FRtlt! P A Y  E O S  A T  YIP XITEST. 0 4 7 9 5 E t 0 3  
L I N E  2 3  I H T E R S Z C T S  R A Y  1 A T  X I D Y I I Z I ~  .4OOOE*03 0. . 6 3 0 4 E * 0 2  FRCM R A Y  € O S  A T  YID X I T E S T .  a 4 8 3 4 E t 0 3  
DOES E X r R A P D L d T E D  XI LIE W I T H I N  CR3SS-SECTIC:4 R A M €  X I .  . 4 8 6 7 i + 0 3  
2 . 3 0 C C E t 3 3 ,  . 4 0 0 0 t t O 3  .1975E+OZp e6C06Et02 . 3 9 9 1 E * 0 2 i  a 6 3 0 4 E t 0 2  . * 6 7 1 E + O % i  . 6 1 2 5 € + 0 2  . 2 6 7 6 E t 0 2 9  e 5 8 2 1 E t 0 2  
! 
/ B A C K  UP ONE P J I N T  ON R A Y  1 A t i O  r 7 E P i A T  ITERATIOh.  4 (Af t e r  t e s t i n g  through t h e  fuse lage  l i m i t s  o f  search ,  no 
i n t e r s e c t i o n  i s  found. Ray l i m i t s  of search  are set  t o  
next inboard r ay  segment. ) 
THE TEST-RANGL O F  THE F I N  S P A Y S  C Y O R O S  1 T O  3 B Y  2. 
R A Y  1 SPANS F U S E L A G E  CRO'S-SECTIONS 10 TO 12. 
1 
~ I Y x r I Z Y r l Z X D I X Z D I L Y D I Y z =  1 2 0 
D Y 3 X ~ D Z D Y ~ D Z O X , C X D L i D X O Y i ~ ~ D Z ~  0. 
s y , z z r a z a D e x  , e x i 0 e ~ z .  0. 
I t X 0 I i Y r I z k r I X Z D I X Y ~ I Y z =  1 2 -  0 
D I G X D O Z D Y ~ C Z D X D O X O ~ ~ O X D ~ , D ~ D I .  ' 0. 
ByIezDBiLDox r 6 ~ ~ , ~ ~ z =  . ~ 0. 
PT1. 2 PTZ. 3 ( X s Y , Z I l .  . 5 1 4 8 E t 0 3 t  0. 
FOf i  R A Y  1 DN L C d E R  F I Y  
L I N E A 2  E C U A T I J H S  DESCRIBING R A Y  
Y = 0. x 0. 
R A Y  1 S P A N S  F U S E L A G E  CROSS-SECTILINS 11 TO 12. -zc"- 
I  - 
X ( K ) r  X ( K + l )  
L O E t 0 3 , -  L I N E  1 6  INTERSECTS R A Y  1 A/'- 3.: 
vDz'KDJ)-*'-- 
NE 2 3  I h T E R j E C T S  
0 2 1  
- .99999k-59 . 7 7 z e ? ~ t c o  . 1 2 9 3 9 E + 0 1  - .99999€-59 0. 
- .1Y9+9E-59 - .31057ttG3 . 4 0 1 Y 3 E t 0 3  -.99999E-59 0. 
. 1 2 9 3 9 t + O L  - .99999€-59 0. - .999995-59 . 7 7 2 6 9 € * 0 0  
- .9VV99 i -59  -.31?+>7t*03 e 4 0 1 8 3 E t 0 3  - 0 9 9 9 9 9 E - 5 9  0. 
0 2 1  
, . e 7 3 3 ~ t ~  ( x ~ Y ~ z ) ~ =  . 5 5 3 ~ t t 3 3 ~  0. D .1207E*03 
1 - -  
4 ( I t e r a t i o n  cont inues  u n t i l  c o r r e c t  l i m i t s  are found. 1 
8 




. 6 3 1 0 E t 0 2  . 'I 7 5 ?  + 3 2  
. 5 7 6 3 E t 0 2  , i t G Z  
. 5 7 6 3 E + 0 2  
- 2 7 6 3 E t C Z  
. 1 0 9 0 € * 0 2  
. 1 0 9 0 E t G 2  
- 6 4 e 3 E  t o 2  
. 6 0 7 l i t 0 2  
mS524Et02 
.',5:4i t o 2  
a5524Et02 
.5524E+02 
. 5 5 2 4 € * 0 2  
. 1 0 e 4 E * O t  
e1003E to2 
.- - - . .. . -- -_ -. . . .. .- - -. 
i P A Y  1 SPANS FUSELICE CROSS-SECTIONS 10 TO 11. 
X f Y ) r  X o ( + 1 )  Y P 2 (l', J 1-1 YrZ ( K e l p  Jl-2 Y r Z ( K + l r J t 1 ) - 3  Y r  ZlKr J+1) -4  
. 4 0 3 0 E * 0 3 ,  . 5 2 C O E + 0 3  0. r .6304E*OZ 0. r . 6661€*02  . 3 7 8 8 t + O Z r  . 6 6 6 l E * 0 2  .3991E+OZr .6304E+02 
L I h E  1 4  i K T F R S E C T S  Y A Y  1 A T  X I p Y I , Z I *  . 4 O G O E * 0 3  0.  .63C4E+Ot F R C H  R A Y  E Q S  AT YIr X I T E S T .  . 4 8 3 4 E * C 3  
L I h E  23 I Y l E i c S t C T S  R P Y  L A T  X I . Y I , Z I =  .52CL.E*03 0. . 6 6 6 l E * 0 2  F R U M  R A Y  €OS A T  Y I P  X I T E S T .  . 4 6 6 0 € + 0 3  
D O E S  tXTRSPOLATE? X I  L I E  4 I T H I Y  C R J j S - S i C T i J N  P A N G t  X I =  . 4867F+03  
(400.0 5 XI s 520.0; y e s )  
(63.04 6 ZI 6 66.61; y e s )  
i :  : 




9CES i X T R I 3 G L A T i O  Y I  LIE 2 I T i i I N  Y-;A,YGE C F  FlJSE PAhLL Y I m  0. 
J (0. 5 YI 5 39.91; y e s )  
(These a r e  t h e  coord ina tes  of t h e  candida te  i n t e r s e c t i o n  p o i n t )  
9 * 6 5 m + O 2  F R m  R A Y  k Q S  A T  Y I j  X I T E f T -  . + 8 6 7 ~ + 0 3  LIP.: C I L T E E j E C T S  d h Y  1 AT X I , Y I # Z I =  , 4 8 6 7 E t 0 3  0. 
I 
: I S  Y I  k , I T r I I N  Y - T E S T  RANGE OF R4Y 1 
W (0. s YI 5 0.; yes )  
IS X I  i r I l i I N  X - T t S T  R A N G E  C F  R A Y  1 
(471.7 5 XI 5 514.6; yes )  
I I 
I 
t F l N b L  TEST C C R  P d C E L  L I V I T S .  
' Y1Jyr?1Y31Y4r 0. 0. . 3 7 8 8 2 E + 0 2  . 3 9 9 0 6 € * 0 2  1 Z l r Z Z t Z 3 p Z 4 =  6 3 3  3 7 E + O 2  6 661 5E*02 .66615'_*02 .63037E+GZ 
I E j I T I A L I L t  F U S E  PANEL COR!4tR POINTS. 
D E T K P F I Y E  IEjT€ESECTION JF L-24  AN0 L -13  YT,ZT. . 1 9 4 3 4 € + 0 2  . 6 4 8 7 2 € + 0 2  1 1 3 r I 2 4 ~  1 1 
I 1 i s  t h e  i n t e r s e c t i o n  of t h e  fuse lage  panel d iagonals  L-24 and L-13. 113(124) = 0; = 1; YT,ZT does not l i e  wi th in  corner  po in t s  1 and 3 (2 and 4) YT,ZT l i e s  wi th in  corner  p o i n t s  1 and 3 ( 2  and 4) 
. 3 7 8 8 2 € + 0 2  . 3 9 9 0 6 € * 0 2  0. 0. 
Z l t i 2 9 Z 3 , Z I .  . 6 3 0 3 7 E t 0 2  - 6 6 6 1 5 i t O t  . 63037E*02  . 6 5 6 2 3 € * 0 2  
rT',, 
t (O *  
TRICHA-Y l,Y 2, Y3rY  1. 
CCRKE? 1, Y T , Z T m  . 1 3 3 5 7 € + 0 3  11.0 
Fuselage d iagonal  L-13 i s  used t o  d iv ide  t h e  pane l  i n t o  two t r i a n g l e s .  A l i n e  i s  passed 
through t h e  Y1,ZI from each ve r t ex  t o  i t s  oppos i te  s i d e  s t a r t i n g  wi th  corner  1. 
YI l i e s  between Y1 and YT and ZI l i e s  between 21 and ZT; I1 = 0 fa lse;  I1 = 1 t r u e  
I 
C P S L  11-TAICHKt I f iANGEml  Y ~ ~ Y ~ , Y ~ . Y I =  0. . 3 7 8 8 2 € * 0 2  a 3 9 9 0 6 E t 0 2  0. 
. 6 5 b 2 3 € + 0 2  Z l rZ3 ,ZCrZ I .  . 63037E*Ot  . 6 6 6 1 5 € + 0 2  . 63037E*02  
RAXGE = 0; 
= 1; 
Y1,ZI l i e s  wi th in  t r i a n g l e  1,3,4. 
Y1,ZI does not l i e  wi th in  t r i a n g l e  1,3,4).) f 
TRICHN-Y 1 r Y Z r  Y39 Y I .  0. .3788ZE+OZ 0. O e  
CORNER l r  YTtZT. 0 .  .66615E*OZ rx-i 4 (Y1,ZI l i e s  wi th in  
.CORhEU Zr YlrZr- 0 .  .6 562a E + oz 11.1 t r i a n g l e  1,2,3) 
CORhER 39  Y T r L T .  0. E 30 37 E + C Z  11.1 
C A S E  1 1 - T R I C H ~ r l R A N G E ~ O  Y l r Y 3 r Y 2 r Y I .  0 .  . 3 7 e m + o z  0. 0 .  
Z l r Z Z r  Z 3 r Z I .  .63037E+O2 6661 5E*02 .66615E+OZ .63623€*02  
Z1rZ3,ZZ*ZI.  . 6 3 0 3 7 € * 0 2  66615E+02 .66615E+O2 .65623€*02 
I - 
1 
INTERSECTION H a 5  BEEN FOUND. 






! -- bZtSN SEAXCH FOP POINT OF INTFRSECTION O F  F I N  R A Y  2 U I T H  FUSELAGE. 
4 i ~ '. - -- C---'--'-- --'-- \ ' -*.---.- 
RANGE O F  FUSELAGE CR3SS-SECTIONS CANN3T BE F I U K D .  





EEGIh SEIQCH f3R POINT OF INTERSECTION O F  FI'4 RAY 10 V I T A  F U S E L A G E .  
P A X I f l 2 H  FUSELAGE Y I D T H  - . S + . O Z E + 0 2  
T4E TEST-RAhGE OF THE F I N  SPANS CHORDS 1 TD 4 BY 3 .  
RASGE CF FUSELAG: CPCSS-SECTICNS CANNOT 9i f3UND.  
I hTERSSCTIUN CLNNST & E  FOJND FOR R A Y  10 OF L J Y C R  SURFlrC: F I N  
RETURN 
E N 0  
-- __I .~ 
r 
LOYEP SURFACE F I N  
a x  
486.73e3 
486.7917 





594. 5 3 6 1  
629.3813 
629.3951 
THE FOLLDi l ING C H O R D  
CHORD P T  x I U  
Y I  2 1  
0.0000 65.6229 
e 2 7 2 7  b5.6245 
,5060 65 .6291  
e 6 7 3 9  65 .6350  
,7475 65.5443 
3.4351 6 5 . 7 2 1 5  
6.4772 67.7967 
9.2748 S P . 3 4 9 0  
12 .1172  6 8 . U C J O  
0.0000 68 .8490  
DESCRISES T H E  UPPER A N D  L O Y E R  I kTERStCTIONS OF THE F I N  
Y I U  L I U  X I L  Y I L  
L 
1 . 4 8 6 7 4 € + 0 3  0. .65623E*02 
2 . 4db lQ€+O3 - e 2 7 2 6 8 € + 0 0  .65625Et02 
3 .48694C+03 - * 5 0 0 0 4 € + 0 0  .65629E*02 
4 . 48718€*03  - .67387€+00 .65636E*02  
5 e 4 8 7 4 5 i t O 3  -.74746€+00 . 6 5 6 4 4 € + 0 2  
6 . 5 2 3 8 2 € * 0 3  - . 3 6 3 5 1 i * O l  . 66729E+02  
7 .55QC4Z+03 - . 6 4 7 7 2 i * 0 1  . 6 7 7 9 7 € + 0 2  
8 . 5 9 4 9 4 E + 0 3  - .92740E+Ol  .6Yd49E+O2 
. 9 . 6 2 Y 3 6 i * 0 3  - ~ 1 2 1 1 7 C + J 2  ,68849€*02 
10 .6294OE*33 0 .  .68049E*OZ 
ADCHRD-CHORO(S1 1 TdROClGrl 1 HAVE P E E N  S f T  T O  CHORD 
ADCHR3-CHCRD(S) 1 TiR0LG-I 1 HAJE BEEN S E T  TO CH%!O . . . . . . . . . . . . . . . . . . . . . . .  
* E X I T  H E R G C *  . . . . . . . . . . . . . . . . . . . . . . .  
.48674€*03  0 .  
. 43679€+03  .27268€+00  
.48694€+03  .50804i+OO 
. 4 8 7 1 8 € + 0 3  . 6 7 3 a 7 € + 0 0  
.41)7S5€+03 .74746€+00  
. 5 2 3 0 2 € + 0 3  . 3 6 3 5 1 € + 0 I  
. 5 5 9 6 4 € + 0 3  .54772Z+C1 
e5YC94E403 .Y27idE*C'1 
. 6 ? 9 3 r F + 0 3  .lZll7E+G2 
. 6 2 9 4 0 € + 0 3  0 .  
2 FJR LPPER S U R F  F I N  
2 F 3 R  THE LOCER SURFACt 
Y I f H  THE F U S E L A G E .  
21 1 
I . .  
03 
03 
Sample Case 1 Output (TAPE38) 
0.0, 0.0, 0 .0 ,  0.0, 0.0, 0.0, 0.01 
. 3 9 9 0 5 9 9 9 9 9 9 9 9 9 E + 0 2 ,  .37891599999999E+OZr  
. 2 3 3 3 3 3 3 3 3 3 3 3 3 3 E - 3 6 ~  . 2 3 3 3 3 3 3 3 3 3 3 3 i 2 € - 0 6 1  
. 3 1 4 5 7 9 6 4 5 5 0 1 0 1 E + 0 1 ,  ~ 6 8 1 4 9 9 2 1 8 0 8 0 2 2 i t O l :  
. 4 3 3 4 3 0 7 4 b 1 2 l 3 1 5 E t 0 2 ~  0.0, 0.0 ,  0.0, 
. 2 t 6 5 6 6 6 6 6 6 5 6 Y ? C - 0 6 ~  .705882419607M3E+OO 
. 1 2 5 7 9 5 4 2 4 4 2 6 1 5 t t 0 2 ,  . 3 2 5 2 7 2 9 3 8 5 5 8 3 8 ' * 0 2  
0 .0 ,  0 .0 ,  0 .0 ,  c .0 ,  0.0, 0.09 0.0, 
.54D90?b3H0654ZE*Ol, . 8 4 4 5 3 9 2 0 5 7 6 6 7 € + 0 1 1  
, 2 4 9 8 1 5 9 9 i Y i 9 J b L t O 2 r  . 5 3 6 3 1 3 9 9 9 9 9 9 9 9 € + 0 2 ~ / ,  , . 1 7  
C . 2  
. 9 c  
. 5 4  
. I 4  




. i 7  
C.6 
. 9 ?  
G.i 
. 3 p  
. ? j  
a 2 7  
.c2 
c.c 
. 3 2  
. e 4  
. 2 4  
. 5 e  
c.c 
. Z E  
- 6 5  








. .  
xu 9 . 23774507520173E+03 ,  .33173817987743E+031  ~ 4 0 0 8 3 4 4 3 4 5 3 R l l E + 0 3 1  . 4 2 5 7 3 1 2 7 0 4 4 5 7 2 €  
P 9.3? 0.0, 0 
0.0, 0.c. 0 .3 ,  0 .0.  0.0, 
. @ 3 5 1 4 6 3 4 3 2 3 2 5 6 E + 0 2 r  . 9 6 3 5 3 h 9 0 5 6 0 6 6 6 t + O Z ~  . 1 4 G 7 7 4 1 5 0 5 2 5 0 8 E + 0 3 ~  0.0, 0.0, 0 
0.0, 0.09 0 . c ~  0.0, 0.0,  0.0, 0.0, - . 5 9 4 8 0 9 7 7 9 3 8 8 0 2 t + 0 0 1  
. 9 6 2 3 6 5 5 5 4 2 1 5 3 E t O ? ~  . 1 4 4 6 5 0 1 0 7 Q 7 6 1 3 E t 0 3 r  0.0, 0.00 0.0, 0.01 0.01 
0.01 3 . 3 ,  0.0,  - .69547333314609E+OO, . 4 7 7 2 5 6 5 1 0 4 0 1 5 5 E + 0 2 ,  
0.09 1 





. 5509 .  
0.09 I 
. 5 b 8 5  
0.0, ' 
,6278 '  
,5422 
0 a G 1  I 
0.0, I 
O.C* I 
0.0.  1 I 
n . n .  :I 
_ -  
I 0. c, 0.0, 0.0, . 2 35  1 5 8 9  8 9  7 6  1 9  3E t 03 t .3 32 1 5 2  9 2  3 3 52 R4E t c l  
. 5 2 0 1 4 4 5 3 5 7 4 6 e 9 E t 0 3 ,  0.01 0 . c ~  0.0, 0.0, 0.01 0.0, 0.0 
-qt-c--3"r.A- * XU,YU,ZU: Coordinates of wing upper sur face  














0 . 0 1  
0.0, c 




. 6279(  
-6422 ;  
e83729G45977123EtO2 ,  .Yb62a57635%77E+OZi  
0.01  0.01 0.01 0.0, 0.3, 0.0, 0.0, - e 9 5 6 9 0  
. 9 6 7 3 6 9 0 4 3 3 3 9 5 9 E t 0 2 1  ~ 1 4 5 1 5 2 7 1 6 1 3 1 6 2 t ' + O 3 r  
0.0, 0.0 ,  0.0, - .24731697215202E-01,  , 4 8 3 9  
, 48416  
0.01 0 0.01 0.0, 0.0, 0.01  0.0, 0.01  0.' 
. v b a 3 3  . 1 0 1 2 5 ~ 7 6 7 5 1 7 z t + o t ,  . 1 a o i i 6 9 3 7 5 6 ~  0.0, 0 0 . 0 1  0.0, 0.0, 0.3, 0.0, 0.0, 0. 
0.0, 0 . 1 7 9 2 6 4 2 9 5 8 5 0 2 R E + O Z ~  e 4 7 4 2 b 2 0 4 6 6  
- 9 6 8 3 3  0.01 0.00 0.0, - . 41490115246054E 
O . C l  0 e 4 7 3 0 5 3 7 1 3 8 1 7 9 5 t t C 2 ,  0.0) 0.01 0 
0.0? 0 - . 1 1 9 3 C 1 4 4 2 4 5 2 5 2 E + 0 2 ~  . 9 7 1 0 1 6 e 8 4  
zL 
0.0, 0.0, 0.0, 0.0, 0.0, 0.01 0. - . 1 0 2 1 3 4 7 5 5 8 6 3 2 4 E + 0 2 ~  , 1 8 1 4 0 1 4 5 4 3  
0.0, 0.0, 0.0, 0.01 0.0, 0.0, 0. 












' Z L E L  
I x x 1  
' x x 2  
t4C 
I I 1  , R F L  










0.0, el€-021 v20777~27324534E-02r *32393983508231€-02, .44913676060605E-02~ .58407184509125E-02~ 
.72950254115154E-O2r .88624525075627E-O2~ .10551798279839E-01~ .1237254598234ZE-Olr .16334916416254E-01~ 
.40502Y6ZL30196E-Olr .44653393197139E-Olr 
.16449925334601k-01, .1572144552967E-01, .2llU627ZFSC305E-@lr . ~ 3 e 3 + 1 9 9 1 ~ 3 ~ ~ 6 ~ - ~ i ~  . 6 6 8 a 0 8 9 3 2 1 5 ~ 5 ~ - 0 1 ~  
2 9 7 6 3 Y 63 7 5 5 13 1 E-0 1, 
.491Z65561333295-01, e53947361633677E-Olr .59144073775451E-31r .6474446144213t-01~ .7078046256432ZE-01~ 
* .21565032222301€-02~ .42678447163435E-02, .47892055343429Z-!IZr .525377305Y376E-G2r v57569835424453E-02t 
3 3 3 7 9 0 L? 2 9 5 13 z -0  1.r 3 66 5 2 0 6 4 4  1 0 3 0 5 E-0 1 r 
.772E5960346891i-Olr .94237473522356t-C1* .91Y54361352463E-01~ .99999044566247E-019 
.63139t45d99037E-O2r .59953492992524E-@2r .751573770233192-02r ~til736557000915t-02, .68715750813242E-02, 
.951076594730$5E-O2r .10392347665303E-01~ .11217176237653E-01~ .lZCY577Q7OUVlE-Olr v1293826Ah5063t-31r 
.13954233716679E-O1, .14J>Z6017Y1777E-01, .15F915174?3C05f-Slr e1736d133550202i-01, .181784154534056-01~ 
.1931taJ?S37976E-01, .ZCi76344HC252Z-C1, .2164749563@26E-01, .22Yl~555294495E-Clr .2397481204445Ui-G1r 
.250Y7965i!5655FE-Olr .26165j6926~6S9'f-O1r .2715020454745'45-01, .?t'OlV58951t?Z71E-O1r .28730513053613E-Clr 
m e215h50322223GlE-02, .27252595721243t-03, -.310510C3709263:-05r -.20562256276646€-03, -.436031153Y0738i-O3y 
-*579035CYO17F71t-O3r -.7347545472:323€-03, -.12@3177403109i-02, -.14841307138947€-02r -.1777239931~021€-02r 
-.zojiea33~37373t-c~, - . 2 3 ~ 7 i 3 7 5 0 3 ~ a z 3 ~ - 0 ~ ,  - . ~ 7 t i 7 i 3 0 3 4 f i o i ~ ~ - o ~ ~  -.305387940198b2€-02, -.33913703918606i-02, 
-.373128857C0934C-OZt -.4069971182566Yt-021 -.4402F49357~7t6E-02, -.47242757769191€-02r -.50273249759364E-02, 
-.5303:561:5U304'-C2, -.5242739787H901E-OZr -.5732:3426G539~t-02, - ~ 5 8 5 @ 1 0 9 1 4 3 9 0 3 1 E - 0 2 ~  -.59017044763226i-02, 
-.5a4zii53a9121~-02, -.56540933503~48~-0~, - . 5 3 0 7 6 3 b 9 ~ 6 5 3 ~ 1 ~ - 0 ~ ,  -.475716P150705t-O2, -*39YO6536172209€-02r 
.1C-@2, 
. i ~ t o o ,  NYU: Number o f  c h o r d  l o c a t i o n s  d e s c r i b i n g  wing 
= 30, NXU: Number o f  p o i n t s  p e r  chord. l o c a t i o n  
XLE,ZLEU,ZLEL: C o o r d i n a t e s  o f  l ead ing -edge  p o i n t  en r i chmen t  8 t t  -6Et03, 
0, X X 1 :  L o n g i t u d i n a l  c o o r d i n a t e  o f  second wing l ead ing -edge  en r i chmen t  s t a t i o n  
2, XX2: L o n g i t u d i n a l  c o o r d i n a t e  of f i n a l  wing l ead ing -edge  en r i chmen t  s t a t i o n  
NO: Number o f  wing l e a d i n g - e d g e  en r i chmen t  l o n g i t u d i n a l  s t a t i o n s  
11: Chord number a t  which l ead ing -edge  en r i chmen t  i s  computed 
RFL: Wing r e f e r e n c e  l e n g t h  
IFLAP: C o n t r o l  s u r f a c e  f l a g ;  ( = O :  no c o n t r o l  s u r f a c e ;  # O :  wing h a s  o r  i s  a c o n t r o l  s u r f a c e )  
I C O :  Component i d e n t i f i e r  f l a g  
i 
L 
j sni  
I xu .3947175497829€+03, .44176932196639Et03, .44176932196639E+03~ .4962862745996E+O3, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, C.0, 6.09 0.0, 0.0, 0.0,  -3947739370242: 
.44183083372165Et03, .49645266424494Et031 .53593505;76569i+O31 0.0, 0.01 0.01 0 . 0 ,  0.01 
~ . . - . - - - . 



























N X U  
X L E  
Z L E U  
Z L E L  
X X l  
x x z  
NO 
I 1  
W F L  
IFLAP 
SEND 
I t a  
5r . 11, 
0.0, .1E-02, .20777827324534€-02~ .32393983508281E-02~ .44913676060605t-02, e58407184509125E-02r 
.?2950254915154€-02, .88624525075627E-02, .10551798279839E-01, .12372545982342E-Olr .14334916416254E-Olr 
.16449925384601E-Olr .1872944552967€-0lr .211862724E0305E-01, .23G3419FlF321bE-01, .25688086321525E-01, 
.29763960755131E-31~ .330790829513E-01, .35652064410305E-31, "tO502962130196E-019 .44653393197139E-Olr 
.49126656133328E-01~ .539478616b3677E-01* .591440737754515-01r .6474446144213k-C1r .7C78C462564322€-01, 
.99959544566?47F-01. . . - - . - . 









- . F 2 9 1 6 0 4 Z a ~ 5 3 5 1 € - G Z ,  -.970776ie622626€-02r 
-.1315317~939711E-01, 
* 
TJ a m z 
t3 
H 
-.1141106442751€-01~ -.1182202471923?€-0lt X 
0 
bl h o r i z o n t a l  t a i l  d e f i n i t i o n s  a r e  t h e  same as those  f o r  t h e  wing 3 9 2 9  * .6E*03, - 0 ,  - 4 ,  
.55795658730501€+031 * .48573831600821Et03, .46673831600811E+03t .514YZ82536525lf+03~ 
0.0, 0.Op 0.0, 0.0, 0.0,  9.0, 0.0,  0 . 0 ,  0 .0 ,  0.0, 0.0,  0.0, 0.0,  0.0, 0.01 *4867917024204: 
.51467967449485t+03, .55EOOb11287397C403, .6011367Z356213E+03, 0.0, 0.01 0.01 0.01 000? 
.48694455461076Ei03 0.0, 0.0, 0.0, 0.0 ,  0.3, 0.0, 0.01 .48694455461096i*o3* 
.5581550098695€+03, ~6012850842942Et03~ 0.0, 0.0, 6-39  0.0, 0.0, 0.0, O o G r  0.0, O * o I  0.0, .515247C4596461Et03r 
n I )  n I) n I) n .  n n .  n.n.  
-6015 
,4874 -.27260267R57513E+OO, -.2723209532907EtO0, -.27319126849886Ei00, 
0.0, c 
. 5 4 5 4 t  
0.0,  0.0, 3.09 G n O r  0 . 0 ,  0.3, 0.0,  0.0, 0.0, - .6738663F685599E+00> ( 
. b o 2 2  
0 . 0 ,  ( 
,6428 ’  
n . 0 ,  P 0.0. .87333333333333€+02, .12066666C66667E+03r s154Et03, 0.0, 0.0, 0.0, 
0.0, 0.0,  0.0,  0.3, .656290d0756748E+02~ .656290@0756748€+02~ 
0.0, 3.9, .48717595i53119;+03, .4a717595153119~+03~ _ _ - -  - -  ^ ^  I) n I\ (I n .  n n .  
= 0.0, 0.c .  3 . 0 ,  0.3, 0.2 ,  0 .0 ,  0.0. 0.0, 0.0. 0.0, 0.0. 0.0, 0 . 0 1  0.OI 0.0, 0.6,’ 
-.Z7400045 
. -. 50 804 2 e t  
0.0, 0.0, -.50826113554465EtCO, -.50a8456422125b€*3G, -~51012119051092E*00~ 
-a6738663 
-.67458385265138EtOO, -.67571922604151EtOO, 0.0, 0.09 0.0, 0.01 0.0, 0.01 0.01 
0 . 0 ,  0.0,  3.0, 0.0, 0.3, 0 . 0 ,  0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 
n. c.6 2 = dl7 
.656ZZF31440611E+OZ, ~656Z293144061lEiO2~ ,8733333333333 
,62931 0.0, 0 . 0 ,  0.0, 0 .0 ,  0.0, 0 . 0 ,  0.0,  0.01 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 
0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 11 fin 35580206204Ei02~ .d7333333333333EtOZi .12066666666667~t03~ 
A -  *,. a , ,  n I \  




0.0, 0.0, 0.0, 0.0, 0.01 0.0, 0.0, 0.0, 0.0, 0.0, 0.09 0.01 
0.0.  0.0, 0.0 ,  0.0,  0.0, 0.0, 0.09 .46694455461096€+03r 
.SSS155h098895€+03r .6012d50842942Et03~ 0.0, 0.0, 0.0, 0.0, 
.5 14879 6744 94 8 5 E t03, .5 58008 11 2 e 73 9 7it 03, .bo1 1367.23 562 i 3 ~ + 0  
0.01  0.0, 0.01 .48717595153113€+03r .48717595153119E+O3~ 
O.C, 0.0, 0.0, 0.0~ 0.0, 0.0, 0.0, 0.0, 
.12066666666667Et03r .154i*03, 0.0, 0.00 







0.0, 0.0, 0.0, 0.0, 0.0, 0.0 
.873333333333335*02~ a120666 
0.0, 0.0, .0.0. 0.01 0.0,  - 6 8  + - - -  - -  - 1  - -  
KY u 
Z L E U  
ZLEL 
x x 1  
, xx2 
' hO 
I 1  




[All f i n  d e f i n i t i o n s  a r e  t h e  same as t h o s e  f o r  t h e  wing J 
9 .6E*03s 
= 0 ,  - 5, 
a 





I C A N  
I H T  
JFLAP 




.57202374148088-145, .16810266916175-183r .2253@883006315E-29~ 
.66235824114418E-68, -.71738305547276Et58, .44403860393731Et86, 
.70739430916307Et2bp . 1 2 2 1 8 3 5 2 9 6 0 4 ? 1 E - 4 8 ~  .1651CJ26f916175-193~ 
.14517627854422-260, .44403666393731E+86, .16810266916175-183, 
-.71736305547276€*58, -.71738305547276Et58, -.~30672+277664+135, 
.4440386039373lE+86r .16810266916175-183~ .122lP352?60421E-48? 
.16910266316175-183, -.38683413362393E+39, -.71738305547276E+58, 
..41576900b52477E-l01 .572023741483JY-145, -.388894:33623Y3Et39, 
.41576900652+77E-10, .91910664856739*105r .14517529e54422-260, 
.81910664d567ERt105, .14517625854422-2hO, .1946405526t609-106~ 
-.717383U5547276~+58, .313C94t9161343-164, .lY464Y~'~2b250)-10br 
-.71738305547276€*53r -.7173d30554727bEt5@, -.7173Yj05547276€+5$, 
-.71738305547276Et5ar -.71733305547275€+5F1 -.71738335547?76E+581 
-.71738305547276Et58~ -.71738305547276ft5@t -.7173a3C5547~76E+58t 
-.71738305547276t+)8, -.7173@305547276E+58, -.71738305547276t+58~ 
.7t69584457142bi*O?, .24071330952813i+67, .1V464954:6htGS-136, 
(Component geometry has been generated.  
. 1, Not used 
1, Fuselage . 1, Wing 
9 0, Not used . 1, .Not used 
1, Fin 
1 . 0, Not used 0, Canard 1, Horizontal  t a i l  = 01 Flap 
1, 3, 1, 4, 2, 1, 1, 1, 1, 1, 4 Array conta in ing  i n t e r s e c t i o n  
0 :  No; 1: Yes) 
chord l o c a t i o n s  of components: - 
Maximum l i m i t s  of geometry a r r ays  
NYF(1) : 
NYF(2): 
Maximum number of fuse lage  s t a t i o n s  
Maximum number of po in t s  p e r  fuse lage  
c ros s  sec t ion  
p lanar  su r face  
NYF(3): Maximum number of chord s t a t i o n s  f o r  
NYF(4): Maximum number of po in t s  pe r  chord 
NST(1): Not .ised 
NST(2) : Wing 
NST ( 3 : Canard 
NST(b! : Horizonta l  t a i l  
NST(5): F in  
NST(6): F lap  























Sample Case 2 Input 
C A S E  2 [ m A G E  0 NLY 1 
1 
FUSELAGE tPDINf-BI-PDINT, lNCll1.2) 
6 0 0 .  17 3 4 2 0 1 0 0 1 1 1 0 0 0  
0 ~ 0 0 0 0 ~  3.00000 50.00000 ~ 0 ~ ~ 0 0 0 0 0  l2e.00000 152.00000 164.00000 176.00000 
200.00000 250.00000 300.00000 350.00000 400~00000 460.00000 520000000 560.00000 
0.00500 0.00003 0.00000 0.00003 0 . 0 0 0 0 0  0.00000 0.00000 0 .00000 
0 .00000 0.00000 0.00000 0.00000 0 .00000 0.00000 0.00000 0.00000 
0000000 0.00000 0.00000 0.00000 O . O O C C 0  0 .00000 0.00000 0.00000 
0.00000 0.00000 0 . 0 0 0 0 0  0 .00000 0 .00000 0.00000 0.00000 0.00000 
0.00000 0.00000 0.00030 0.00000 0.00C30 0.03000 OIOOGOO 0100000 
0.00300 G.OC003 0.00000 0.00000 0.00000 0.00000 0 .00000 0.00000 
6C0.00000 
C P X A K  title card 
GEMFAK geometry option card 
Fuselage card set 1 
Cross section and 





















I 0.00000 0 .00000 0.00000 0.OG000 0.00000 0.00C00 0.00000 0.000001 O.CG3CO 0.03003 0.00030 0 . 0 0 0 0 0  0.00000 0.00000 0.00000 0.00000' 0.000OU 0.00000 0.00000 0100000 






- 3 . 0 0 0 0 3  





































-1 572 48 
-2.12592 
-4 109 18 
- 4  59505 




.ooooo . oooco 
0.05000 
0.00000 





















-. 3 t, 6 5 4  












- 4  6 6  1168 
3 1 2 46si 
1 at 
at 
x = 3.0 






CCILbllN 1 2 3 4 5 6 7 8 
7.54379 26.72COO 22.46650 3.75837 22.8F760 2.56612 22.76681 1.30824 
18.88948 -1.79964 18.56662 -2.43435 18.29397 -3.09242 18.02132 -3.75048 
16.52317 -4.76771 14.74671 -5.28916 12.93001 -5.65387 11.09663 -5.92419 
9.25457 -6.12651 7.40886 -6.29191 5.55664 -6.36013 3.70443 -6.42U35' 
O.DO000 39.40000 ,09005 39.40000 .21176 39.40000 -42353 39.40000 
' led5221 -6.4965P 0.00000 -6.56490 
-63529 35.40003 e94706 39.40000 1.05882 39.40000 1.06000 39.40000' 
3eOOl?l 3F.05001 4.77947 3 6 . 1 8 6 4 2  6.35679 36.99351 7.68648 35.53265 
8.94?00 34.00000 28.17223 4.41026 28.60338 3.21906 28.47416 1.96199 
24.34211 -1.45314 23.92605 -2.27107 23.57470 -3.11909 23.22335 -3.96712 
21.25275 -5.27797 19.05350 -5.94995 16.66238 -6.41993 14.29978 -6.76828 
llsC2599 -7.02501 9.54750 -7.24216 7.16062 -7.33007 4.77375 -7.417981 
2.3t5@7 -7.5059U 0.00000 -7.59381 
0.OOlJUO 52.00000 .030UO 52.00000 -91234 51.78343 1.72373 51,30426' 
2.43136 50.65072 3.02852 49.95170 3.65000 49.20000 6.40667 41.50000 





























- 8  18936 












3 4 . 0 d 0 6 4  
30.81676 
24.47650 





-6 5 1 6 3 4 
-8,05665 
-8 4 75 82 







-8 4 6390 




19. e 6156 
8.53546 
l r  27543 
5.48903 















































use lage  card 1 set 7 ] 










C J  
1 7 3 4 5 h 7 R 





-8 2 1 5 3 0  
-9 .11449 
- 6 6 5 3 5  
5 4 . 6 0 8 8 0  
4 5 . 7 0 0 0 0 ,  
4 5 . 7 0 0 0 0  
3.64308 
~ 3 4 5 6 7 8 9 ~ 1 2 3 4 5 6 7 8 9 ~ 1 2 3 4 5 6 7 8 9 ~ 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 ~ 9 ~ 1 2 3 ~ 5 6 7 8 9 ~ 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 ~  
e00000 5 b e 3 5 7 8 0  .00000 5 6 . 3 5 7 8 0  1 .90582 5 6 . 1 7 9 2 5  3 .75058 5 5 . 6 6 9 5 3 1 \  
a t  x = 176.0 I 
a t  x = 200.0 I 
5.47890 
12  e 4 0 0 4 4  
14 .38367  
33.68949 
37.60174 
2 9 . 4 6 9 1 7  
16.5G557 
3 .30343  
0.00000 
1 1 . 5 0 0 3 3  
17 .10500  
1 7 . 1 0 0 0 0  
42.45 569 
38 .36317  
33 .55737  
18 7 9  536 
3 .76171  
0 . 3 0 0 0 0  
21 .47410 
5 4 . 8 4 8 4 3  
4 3 . 4 8 3 3 4  
41.80000 
2 0 0 2 3 9  
- a 8 5 9 1 5  
-6 .15272 
- 8 . 5 7 6 1 5  
-9.23 61 6 
57 .07339  
45 .70000 
4 5  ~ 7 0 0 0 0  
2 5 6 2 5 9  
- e 5 6 2 1 5  
-6 .59009 
-9.34972 
- 1 0 . 1 0 1 2 9  
58 .56422 
53 .59475 
5 2 . 1 0 7 3 1  
27 .07653  47 .19087 
2 7 . 0 7 6 5 0  4 7 . 1 9 0 8 7  
52 .69143 3 .72970 
47 .68127  e 2 3 0 3 1  
41 .45092 -7 .48942 
23 .22319  -10 .95834 
0.00500 6 0 . 0 5 5 0 5  
31 .44768  55 .08219  
37 .05302 48 .68175  
37 .05300 4 8 . 6 8 1 7 5  
62 .88714  4 .89681  
56.225C4 1 .38482  
48 .02243 -8.36281 
26.92540 -12 .56032 
4 .64803 - 1 1 , 9 0 3 4 2  
7 .00745 
12 .99316  
37 .95365  
36 .52651  
33 .11366 
26 .30084 
13 .21374  
0.00000 
.ooooo 
1 4 . 3 9 0 0 3  
1 7 ~ 1 0 5 0 0  
42 .84433  
41 .42424 
37 .70746  
29 .94951  
1 5  - 0 4  b d 6  
0.00000 
9 9 7 6 5 0  
24 .36464 
2 7 . 0 7 6 5 6  
5 3 . 0 3 3 2 5  
5 1  6 2 3  69  
4 6  7 2 4 9 0  
3 6 999 69 
18 .59212  
0.00000 
19 .95300 
34 .33925  
37 .05304 
6 3 . 2 2 2 1 7  
6 1 . 8 2 3 1 3  
54 .65392 
42 .881  66 
2 1 . 5 5 7 5 9  
5 3  704 36 
4 3  195 4 7  
5 .52781  
1 . 3 6 2 7 3  
-1.991 16 
- 7 . 0 8 2 7 3  
-8 s 8 7 1  14 
-9 .35783 
57 .07339  
48 - 9 9 1 7 6  
4 5  700 00  
6 .08658  
1 . 9 2 1 8 2  
- 1 . 8 5 1 2 1  
-7 .64912 
-9.695 64 
- 1 0 . 2 3 9 8 5  
58 .56422 
50 .48048  
4 7 . 1 9 0 8 7  
7.250 68  
3.086 60 
-1 .41842 
-8 820  3 4  
- 1 1 . 3 5 1 5 6  
-12.077 3 7  
60 .05505 
5 1  969 20  
48 .681  7 5  
8 .41479  
4 .25138  
- e 6 7 4 8 8  
-9.972 1 9  
- 1 3 . 0 7 5 3 7  
8 .44538 
1 3 . 5 1 8 9 3  
38 .38470 
3 5 . 2 9 7 2 3  
32.62739 
23 .06073 
9 . 9 1 0 3 0  
4 .13955 
1 7 . 1 0 0 0 0  
43 .27536 
40 .19395  
37 .15373  
26 .25991  
1 7 . 1 0 0 0 0  
i i . z a 5 1 4  




50.39 5 47 
45 .95671  
32 .44382 
13 .94409  
24 1 4  l o a  
37 .05300 
37 .05304 
6 3 . 6 5 3 1 1  
60 .59698  
53 .45076 
37 .60845 
16 .16819  
--I
52 .43668  
42 .79784 
4 e 3 3 8 4 0  
1 .02797  
- 3 . 1 6 4 8 3  
-7 7 3 3  1 8  
- 8 . 9 9 2 8 2  
5 6 . 3 7 6 2 7  
4 5 . 7 0 0 0 3  
4 5 . 7 0 0 0 0  
4 . 8 9 8 0 6  
1 . 5 8 6 7 7  
-3 .18769 
-8 3 8 9 8 1  
- 9 0 8 2 4 1 9  
57 .86575  
47 .19088 
11 .75333  
1 3 . 9 6 2 1 6  
38 .25319  
34 .3598 7 
32 .14112 
19 .79390  
6 . 6 0 6 8 7  
8 .05831  
1 7 . 1 0 0 0 0  
17 .10300 
4 3 . 1 5 0 1 9  
36 .60000  
22 .5364  5 
7 . 5 2 3 4 3  
18 .03283  
27 .07650 
3 9 . 1 2 6 5 6  
4 7 . 1 9 0 8 7  
6 .06403 
2 .75092 
- 3 . 1 6 3 3 4  
-9 7 5  0 9 0  
-1 1 .55551  
59 .35522 
4 8 . 6 8 1 7 5  
4 8 . 6 8 1 7 5  
3 .51508 
-2 967  0 7  
- 1 1 . 0 9 6 7 5  
-13 .28525 
7 .23000  
2 7 . 0 7 6 5 3  4 7 . 1 9 0 8 7  
5 3 . 3 4 1 8 6  4 .91051 
48 .82205  1 .75504  
4 5 . 1 5 4 1 0  -4 .91103 
9 . 2 9 6 0 6  - 1 1 . 7 2 9 4 6  
27 .84478 - 1 0 , 4 4 1 2 7  
28 .00735  57 .58432  
37 .05300 4 8 . 6 8 1 7 5  
37 .05302  48 .68175 
6 3 . 5 3 3 5 2  5 .97794 
53 .10005  3 .07700 
52.31354 -5.29787 
32 .28115  - 1 1 . 9 3 2 9 3  





t J  
COLIJHN 1 2 3 4 5 6 7 8 
12345678901~345678901~34567890123456789012345678901234567~90~23~~670901234567~90 
0.003CO 61.54587 29.92950 61.54587 34.11684 60.84469 37.90187 59.07201 
1 47.02350 50.17262 73.41108 9.57889 73.84198 8.39596 73.72516 7.14537 
' 5.38340 -13.70501 0.00000 -13.91489 
41.42167 56.56964 44.31386 53.45792 47.02950 50.17263 47.02950 50.17262 
47.02945 53.17262 47.02940 50.17262 47.02940 50.17262 47.02945 50.17262 
73.08285 6.06394 72.02258 5.41616 70.79849 5.07923 67.26528 4.45391 
64.07150 2.81138 61.39121 e42946 59.36839 -2.53658 57.61123 -5.68472 
52.96389 -9,20315 47.32462 -11.09889 41.51818 -12.42271 35.64437 -13.41049 
29.73477 -14.15359 23,80985 -14.76642 17.85739 -15.01292 11.90493 -15.25942 
5.45246 -15.50592 0.00000 -15.75242 
0.00000 63.G3670 34.90605 63.03670 44.09261 62.33416 47.95639 60.55982 
, 51.39545 58.05708 54.28848 54.94664 57.00600 51.66350 57.00600 51.66350 
1 57.00595 51.66350 57eOC571 51.66350 57.00591 51.66350 57.00595 51.66350 
i 57.006l~0 51.66350 83.60000 10.74300 84.03035 9.56192 83.91679 8.31280 : 83.27353 7.23108 t2.2ZLO2 6.55375 81.OOCCO 6.24338 75.89546 5.47453 
70.9C7~4 4.26656 66.36823 1.84631 62.57848 -1.62859 60.00000 -6.07157 
31.13161 -15.73453 24.93407 -16.45355 18,70055 -16.73765 12,46703 -17.02175 
i 
1 55.31580 -9.99617 49.48756 -12.18950 43.44102 -13.72036 37.30926 -14.86801 
6.23352 -17.30584 o.ooooo -17.58944 
0.00000 64.82569 38.89380 64.f32569 43.08042 64.12318 46.94422 62.34889 
50.38330 59.84017 53.27631 56073571 55.99380 53.45255 55.99380 53.45255 
55.99377 53.45255 55.99374 53.45255 55.99374 53.45255 55.99377 53.45255 
55.99380 53.45255 83.72000 10.79010 84.02159 9.96335 83.94176 9.06896 
83.49497 8.33175 82.75542 7.87667 81.90000 7.64037 76.43562 6.71966 
71.14624 5.20817 66.44669 2.30P74 62.62565 -1.67808 60.00000 -6.53578 
31.41289 -17.59792 25.17113 -16.46434 18.87856 -18.79918 12.58571 -19.13Pll 
I 6.29785 -19.46304 0.00000 -19.79497 
1 0.00000 65.61463 37.88160 66.61468 42 .06822  65.91221 45.93204 64.13796 
j 55.55726 -10.84165 49.@1382 -13.40705 43.77693 -15.20354 37.62638 -16.56325 
1 49.37114 61.63525 52.26414 50,52479 54.98160 55.24160 54.98160 55.24160 
54.98161 55.24160 54.9~102 55.24160 54.98162 55,24160 54.98161 55.24160 
83.71141 9.43243 83,25881 9.17238 82.80000 9.03735 76.93689 8.29547 
71.42265 6,17127 66.61096 2.74552 62.9Y821 -1,88891 60.00000 -7.00000 










COlLf iN  1 2 3 4 5 6 7 8 
a t  X = 560.0 J 
12345679901234567890123~5678~0123456189012345678901234567~~01234567890~2~4567~90 
25.42075 -20.43372 19.06903 -20.85589 12.71269 
0.000CO -22.00000 
















b 4 . 3 0 J C 3  
74.37769 
5 4 . 0 1 9 h l  
30.C1219 
6 . 0 6 2 4 7  
ha. 0 2  i 6 3  
at X = 600.0 I 
10,16022 
Y 9 3 9 3 0  
-5.23b39 














2 4 . 5 0 3 1 2  
0.00000 




8 4  . o o : c 3  
6 9 . 5 6 7 4 8  
46.01605 









IO. 900 00 
10.90000 
1C.71604 
9 - 4 3 . ?  65 
9.18284 
9.10000 




























Fuse lagecard  [ s e t  7 3 
COLUR 
Sample Case 3 Input 
1 2 3 4 5 6 7 
2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 C 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 Q 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 ~ 3 4 5 6 7 8 9 C  
1 
U S E L A G E  (LONGITUOIKAL LCFTINGI INC(1)=1) 
00. 
0. 3. 
Z O O .  2 5 0 .  
600. 
2 2 2  
2 2 2  2 2  
2 2 2  22 
2 2 2  2 2  








0 .  
0. 
20 .  
0. 
57.073 
6 9  
0.  
0 .  
. 3 6 . 5 3 2  




9 .771  
46.241 
5 1  
0. 
0. 












9 1 7  3 4 1 1 1 0 1 1 1 1 1 1 0  
50 .  103. 1 2 8 .  1 5 2 .  
300. 3 5 0 .  400 .  460.  
22 22  2 2  22  
2 2  2 2  2 2  2 2  22  2 2  
22  22  2 2  22  2 2  2 2  
22  2 2  2 2  2 2  2 2  22 





0 .  
5 .  
1 6 . 6 8 6  
60 .055  
0. 
19 .953  




5 5 10 
0. 
0. 






0 .  
29.93 
31.246 
61 .546  
' 0. 
39.653 




0 .  
10. 
39.4 





















1 6 4 .  1 7 6 .  
520. 560 .  
22  2 2  
22 22  2 2  
2 2  22  22  
2 2  2 2  2 2  
0. 
0. 
5 6 .  
66.615 
0. 
1 6 .  
56. 
66 .615  
0.  
37.882 





0 .  
56.358 
67.807 
0 .  
18 .  
56 .358  
67 .807  
0 .  
37.207 
56.358 
67 .807  
4.99 
46.916 
3. 16 .606  31.246 39.4 52.  560  56.358 0. 
GEMPAK t i t l e  card 
GEMPAK geometry opt ion  card 
Fuselage card s e t  1 
I 
Fuselage ca rd  s e t  2 
Fuselage card  s e t  3 
Y coordinate 
Z coordinate 
use lage  c a r  
Y and Z coord ina tes  
> 
# I f o r  l o f t i n g  l i n e  2 





COLUMN 1 2 3 4 5 6 7 8 
2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 6 3 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 E 9 0 1 2 3 4 5 6 7 @ 9 0 1 2 3 4 5 6 7 8 9 0 ~ 2 3 4 5 6 7 8 9 ~  
n e 0 7 3  58 .564  6 0 . 0 5 5  61 .546  6'3-3 3 7 64.026 66 .615  67.807 




0 .  
45.7 
57 .627  
0.  
1 7 . 1  
53 .632  
0 .  
45.7 
57 .627  
0.  
1 7 . 1  





17 .1  
53.632 
0 .  
45.7 
57 .627  
0. 
~ 17.1 
53 .632  
0 .  
I 4 5 . 7  
57.627 
0.  
3 6 . 2 4 6  
0. 
27.077 
3 .  
47 .192  
0.  
27.077 








3 .  
47.192 
2.7 
27 .077  
1 e5 





1 6 . 6 8 6  
4 8 . 6 8 3  
0. 
37 .053  
l 6 . 6 R 6  
4 8 . 6 8 3  
0. 
37.053 
1 6 . 6 8 6  
48 .683  
3.119 
37 .053  
1 6 . 6 0 6  
48 .683  
5 .047  
37.053 
13 .72  
48 .683  
10 .703  
5 3 . 2 7 5  
0 .  
47.03 
31 .246  
50 .174  
0. 
47.03 
3 1 . 2 4 6  
5 0 . 1 7 4  
0. 
47.03 
3 1 . 2 4 6  
5 0 . 1 7 4  
4.602 
47 .03  
31 .246  
5 0 . i 7 4  
7 .544  
47.03 
26 .72  
50 .114  
19 .218  
6 1 . 7 d 9  
1 .059  
57 .006  
39.4 
51.665 
1 .0595  
57.006 
39.4 
51 .665  
1.06 
57 .006  
39.4 
51.665 
5 .433  
57 .006  
39.4 
5 1 . 6 6 5  
0 .942  
57 .006  
3 4 .  
51.665 
23 .986  







45 .035  





9 .322  
55.935 
41.5 
53 .454  








52 .803  
55.243 
7.403 
54 .903  
47 .429  




55 .243  
11 .267  
54.983 
42 .55  
5 5 . 2 4 3  
1 3 . 0 2 1  
54 .903  
39.85 
55 .243  
3 0 . 1 1 6  
69 .409  
8 .444 
54 .308  
52.413 
56.435 
10 .635  
54 .308  
46 .853  
56.435 
11 .753  
54.303 
43.6 
56 .435  
1 3 . 2 1 1  
54.308 
43.6 
5 6 . 4 3 5  





6 9 . 1 1 1  
Lof t ing  l i n e  3 
S lope  c o n t r o l  l i n e  3 
Lof t ing  l i n e  4 
S lope  c o n t r o l  l i n e  4 
Lof t ing  l i n e  5 










a c01urcw 1 2 3 4 5 6 7 
10.852 12.648 13.546 14.444 
33.652 
34.264 
0. 2.7 12.273 22.466 29.172 33.063 35.508 37.954 
42.d44 53.03;  6 3 . 2 2 2  73.411 83.6 83.72 a3.84 83.92 
84. 
0. 1.5 2.594 3.758 4.41 4.969 5.248 5.528 
6.087 7.251 8.415 9.579 10.743 10.79 10.837 10.869 
10.9 
0. 5,625 15.203 25.391 31.097 35.988 36.433 40.879 
45.769 55935e 66.147 76.336 86.525 85.768 85.01 84.505 
64. 
0. -3. -1.906 -.742 -.09 ,469 .749 1.028 
1.597 2.751 3.V15 5.079 6.243 7.64 9.037 9.969 
lo.? 
0. 0. 9.509 19.741 25.504 30.401 32.849 35.297 
40.194 50.395 60.577 70.798 81. 81.9 82 18 83.4 
84. 
0. -3. -1.906 -e742 -.09 e469 .749 1.028 
1.587 2.751 3.915 5.079 6.243 7.64 9.037 9.969 
10.9 
0. 0. 9.263 19.116 24.635 29.364 31.729 34.094 
3P.824 46. 55.741 61.665 64.482 65.159 65.037 63.082 
60.326 
0. -3. -1.906 -e742 -e09 e469 .749 1.028 
1.587 2.751 3.915 5,079 6.243 7.64 9.037 9.969 
10.9 
0. 0. 8.732 18.021 23.223 27.682 29.912 32.141 
36.6 45.194 52.314 57.611 60. 60 60 60 
60. 
0. -3 .  -3.304 -3.75 -3.967 -4.153 -4.246 - 4 . 3 3 8  
10. 
0. 0. 8.236 16.997 21.904 26.109 28.212 30.315 
34.52 42.564 49.092 53.799 55.808 55.174 54.54 57.107 
- J  
i 2 3 4 5 6 78 9 C 1 2 3 4 5 6 78 ? 0 1 2 3 4 5 6 7 8 qa 2 3 4 5 6 7 d 9 0.1.2- a9 0 12 3 
0. 1.5 5.016 a.757 
16.239 19.98 23.721 27.462 31.203 32.121 33.04 






Loft ing l i n e  6 





m 1 set 5 j 3 uselage c a r  b Loft ing l i n e  7 9 
1 
4 c) 
Slope con t ro l  l i n e  7 







Slope c o n t r o l  l i n e  8 
- - -  
C i  
Lof t ing  l i n e  9 
54.672 
0. -3. -4.727 -6.565 - 7 . 5 9 4  -8.476 - 8 . 9 1 7  -9 .358 
9.1 
0. 
0 .  
0 .  - 3 .  -4.727 - b e 5 6 5  - 7 . 5 9 4  - 8 . 4 7 6  - 8 . 9 1 7  - 9 . 3 5 8  
9.1 
-6.45 - 1 0 . 2 4  -12.077 -13.915 -15.752 - 1 7 . 5 9  -19.795 - 2 2 .  
0. C .  0. 0. 0 .  0. 0. 0. 
C. 0. 0. 0 .  0. 0. 0. 
-6.45 -10 .24  -12.077 - 1 3 . 9 1 5  -15.752 - 1 7 . 5 9  - 1 9 . 7 9 5  -22 .  
L .  
Sample Case 4 Input 
COLUnN 1 2 3 4 5 6 7 8 
~ 2 3 4 5 6 ~ 8 9 0 1 ~ 3 4 $ 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 ~ 5 6 7 ~ 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 ~ 2 3 4 5 6 7 8 9 0 1 2 ~ 4 ~ b 7 8 9 Q  
:EtlPAK S M P L E  C A S E  4 ( F U S E L A G E  O N L Y 1  GEMPAK title card 
1 
:USELAGE (CROSS-SECTIONAL LOFTING,  I N C  (11.3) 
100. 9 17 3 4 3 1 1 0 1 1 1 1 1 1 0  
0. 3. 50. 100. 128. 152. 
Z O O .  250. 300. 350. 400. 4 6 0 .  
600. 
I2 2 2  
I 2  22 22 
I 2  22 22 
I2 22 22 




















19 791 -0 742 
0. -6.565 
0. 39.4 
22 22 -~ -~ 
2 2  22 22 
2 2  22 22 
22 22 2 2  


























-3 .  
22 22 ~~ 
2 2  22 22 
2 2  22 22 







































2 2  2 2  22 
22 2 2  22 


































39.4 . _  
1 io59 39.4 1.0595 39.4 1.06 39.4 5.433 39.4 
GEMPAK geometry option card 
Fuselage card set 1 
Fuselage card set 2 
Fuselage card set 3 
Y and Z coordinates of 
lofting lines 1-9 and 
slope control lines 1-8 
1 
1 at X = 0.0 
1 at X.= 3.0 
X = 50.0 
x = 100.0 










IN 1 2 3 4 5 6 7 8 
1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0  
8 .942  34 .  23 .986  1 0 . 8 5 2  28 .172  4.410 3 1 09 7 -0 0 9  0 
25.504 -0.090 24 .635  -0.090 23 .223  -3.967 21 .904  -7 .594  
0. -7 .594  
0 .  52 0. 5 2 -  
3.6 44.2 5 .192  45 .035  
1 1 . 6 6 1  37 .9  28 .072  1 2 . 6 4 8  
30.401 0 . 4 6 9  29.364 0 . 4 6 9  
0.  -8 .476  
0 .  5 6 .  0. 5 6 .  
5.468 52 .803  7 . 4 0 3  47.429 
1 3 . 0 2 1  39.85 30 .116  13 .546  
32 .849  0.749 31 .729  0.749 
O *  -8 .917 
0 .  56 .358  0. 56.358 
8.444 52 .413  10 .635  46 .853  
1 4 . 3 0 1  41.8 32.159 1 4 . 4 4 4  
35 .297  1 .028  34.094 1 .028  
0. -9 .358  
0 .  5 7 . 0 7 3  0. 57.073 
1 7 . 1  45.7 17 .1  45.7 
17 .1  45.7 32 .246  1 6 . 2 3 9  
40 .194  1 .587  38.824 1 . 5 8 7  
0 .  - 1 0 . 2 4 0  
0 .  5 8 . 5 6 4  2.5 5 0 . 5 6 4  
27.077 47.192 27 .077  47 .192  
27 .077  4 7 . 1 9 2  44.760 1 9 . 9 8 0  
50.395 2 .751  48.000 2.751 
0.  -12 .077  
0 .  60.055 5.0 6 0 . 0 5 5  
37 .053  4d .683  3 7 . 0 5 3  4 8 . 6 8 3  
37.053 4 0 , 6 0 3  53 .275  2 3 . 7 2 1  
6 0 . 5 9 7  3.915 5 5 . 7 4 1  3 . 9 1 5  
0 .  -13 .915  
0 .  61 .546  7.5 6 1 . 5 4 6  
47.030 5 0 . 1 7 4  47 .030  5 0 . 1 7 4  
0. 5 2 .  
6.407 41.5 
3 3 . 0 6 3  4 .969  
2 7.6 8 2 -4 1 5 3  
0 .  5 6 .  
9 .080 4 2 . 5 5  
35 .508  5.248 
29 .912  -4 .246 
0. 56.358 
1 1 . 7 5 3  4 3 . 6  
37 .954  5.528 
3 2 . 1 4 1  - 4 . 3 3 8  
0. 57 .073  
17.1 45.7 
4 2 . 8 4 4  6 . 0 8 7  
36.6 - 4 . 5 2 4  
9 .977  58.564 
2 7 . 0 7 7  47 .192  
53 .033  7 . 2 5 1  
4 5 .19  4 
1 9 . 9 5 3  6 0 . 0 5 5  
37 .053  48 .683  
6 3 . 2 2 2  8 .415  
5 2 . 3 1 4  -5.290 
2 9 . 9 3 0  61 .546  
4 7 . 0 3 0  50 .174  
-4 9 11 
1 0 8 6 8  5 2 .  
9 .322 41.5 
35 .988  0 . 4 6 9  
26 .109  -8.476 
2 .600  5 6 .  
11 .267  42.550 
38 .433  0 . 7 4 9  
28.2 1 2  -8 9 1  7 
4.990 56 .358  
1 3 . 2 1 1  43.6 
40 .879  1.028 
3 0 . 3 1 5  -9  358 
9 . 7 7 1  57 .073  
1 7 . 1  45.7 
4 5 . 7 6 9  1 . 5 8 7  
34 .52  - 1 0 . 2 4 0  
19 .732  5 8 . 5 6 4  
2 7 . 0 7 7  47 .192  
55 .958  2 . 7 5 1  
42 .564  -12.077 
29 .693  6 0 . 0 5 5  
37.053 48.683 
6 6 . 1 4 7  3 .915  
49 .092  -13.915 
39 .653  61 .546  
4 7 . 0 3 0  5 0 . 1 7 4  
1 a t  X = 125.0 
I 
I 
uselage c a r  [ s e t  6 1 
i 
cot URN 1 2 3 4 5 6 1 8 - - - -. . . .
' 4 e50.1% 61.789 27.462 73.411 9.579 76.336 5.019 9 - 1 2  345 8961 2 34 561 89& 4 5 678 90 1 2  3 45 6 1 0 9 Q 1 2 3 4 5 b 7 8 ~ 0 ~ 2 3 4 ~ 6 7 ~ 9 ~ ~ 5 b 7 8 ~  
70.790 5.079 61.665 5.079 57.611 -5.685 53.799 -15.752 









































































































































6 . 2 4 3  
55.243 
9.031 









at X = 520.0 
at X = 560.0 







Sample Case 5 Input  
COLUYN 1 2 3 4 5 6 7 8 
2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 ” 9 0 1 2 3 4 5 6 7 3 9 0 1 2 3 4 5 6 7 ~ 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 0 9 0 1 2 3 ~ 5 6 7 0 9 0 1 2 3 4 5 6 7 8 ~ l  
E Y P A K  S A P P L E  C A S E  5 ( F U S E L A G E  O N L Y )  
1 
6 0 0 .  9 1 7  3 4 0 1 1 1 1 1 1 1 1 1 1  
USELAGE kITH A U X I L I O R Y  G E C H E T R Y r  INC(41.1 
0. 3 .  50 100. 128.  152 .  164. 176. 
200.  250.  30ti. 350. 400. 4 6 0 .  520. 5 6 0 .  
6CO. 
2 22 22 2 2  2 2  22 2 2  2 2  
2 2  2 2  22 2 2  2 2  2 2  2 2 2  22 22 2 2  22 
2 2; 2 2  22 22 22 2 2  2 2  22 2 2  2 2  2 2  
2 2 2  22 22 22 2 2  2 2  2 2  22 2 2  2 2  2 2  
2 2 2  22 
1 2  0. C. 
0 1 1 6CO. 0. 
2 b  0. 0. 
0 1 1  3 .  
0 1 1  
1 5  1 5  1 5  5 1 0  
0. 
0. 
34.52 1 1 7 5 2 3  
5 5 . 6 3 9  1 0. 
54.54 
59 .672  
400. 
4 0 .  0. 
1 e i  3 .  -3. 
1 8 1 520.  -22.  
1 d 1 6 0 0 .  9.1 
7 429.18  517.30 39.92 
3 1 4 2 9 . l b  39 .92  
1 1 517 .30  40 .49  
2 1 6OC.00 40.*14 
GEbPAK t i t l e  ca rd  
GEMPAK geometry op t ion  ca rd  
Fuselage ca rd  set 1 
Fuselage ca rd  s e t  2 
Fuselage card  set 3 
z= 
w 




Fuselage ca rd  set 4 
(Same as f o r  sample case  1) 
Fuselage ca rd  s e t  8 
Sample Case 5 Output 
BETUEEN X =  0.0000 AN0 X. 600.0000 ON THE X-Y PLANE 
c 9  0. 0. 0. E m  -.60000E+03 F m  0. SC. 1. 
c =  0. D9 .30000E*01  Em - .30000E+01 F. 0. SG. 1. 
BETWEEN X 9  0.0000 AN0 X. 3.0000 ON THE X-Z PLANE 
GENPAK - RAPID AIRCRAFT GEOHETRY GENERATION FOR ENGINEERING DESIGN 
CASE T I T L E  - GEBPAK S4HPLE CASE 5 (FUSELAGE ONLY) 






+ E W T E R  F U S 2 *  +****+*+**+* ** +****+*+ 
COEFFS FOR PROJECTION OF LOFTING CURVE NO. 1 
ST L I K E  A m  0. B =  0. 
COEFFS FOR PROJECTION O F  LOFTIEiG CURVE NO. 1 
ST L INE C= 0. B =  0. 
COEFFS FDR PROJECTION iYf LOFTING CURVE N3. 1 
, S T  L I N E  A. 0. B* 0. 
COEFFS FOR PQGJECTION GF LOFTIEiG CURVE NO. 1 
E L L I P S E  A m  e 3 4 7 0 6 t t C l  8. - . 9 C l l 8 E + 0 1  
c 9  0. D-- 
COEFFS FOR PZOJECTIDN O F  LOFTIhG CURVE NO. 1 BETWEEN X -  164.0030 AND X =  600- 
ST L I N E  A 9  0. 8 9 ,  0. 
(same as f o r  sample case 1) . -  
. 4 7 5 7 1 5 0 3 € + 0 6  . 3 7 5 2 6 8 3 5 € + 0 3  
.24611786E+05  .63139752E*06  .43007COOE+03 
V .10708298€+05  
. 2 4 8 1 9 6 9 3 € 4 0 5  .65352504E*06  4 9 0 0 7 6 6 0 E + 0 3  
4 5  200 0 0 00 E + 0 3 . 1 1 0 7 5 9 9 3 € + 0 5  
.56000000E+03 .93990751E+04 
6000000Ot *03 - 7 7  2 10649 E +OC 
. 16595413E+05  .40952801E+06  .5 3 9 9 1 8 e 4 ~ + 0 3  
-16 1 7 9 7 0 9 € + 0 5  .3424812ZE+06  5 7 9 9 8 5 3 5 E 4 0 3  
I 
- _-- - 
L I S T  OF THE BGTTC'H 8 F U S E L A G E  P O I N T S  AT X I  429 .1800  
Y F  Z F  
0 .0000  -1 0 .  6 62  3 
12 .5247  -16.0476 
25 .0474  
6 .2624  -1-3.3550 
18 .7671  -17 .7402  - __-c_ - 
--- 
d- 8 E h G I N E I N O Z Z L E  P O I h T S  AT  X *  600.0000 
0.0000 
5 .7844  
11.5698 
17 .3532  
23 .1375  
28 .9218  
34.7006 
40.4900 
Z E  
9.1000 
9.1200 
9 .1399  
9.1599 
9.179p. 
9 .2181  
9.2693 
9.3402 
S K I N  F R I C T l O N  L E N G T H S  
RUNL 
638 .2643  
636 .1649  
638.3464 
6 3 8 . 2 1 2 a  
6 3 e .  5 ~ 1 2  
6 3 0 . 7 6 8 9  
639 .0029  
639 .2459  
F L G I  S O I L  
5 9 5 . 3 4 8 7  42 .9162  
595.41 1 7  42.8584 
5 9 5 .  6 0 4 1  42.6011 
595 .6Y31  42 .7443  
596 .21  5 1  42 .60b1  . 
596 .5733  42 .5739  
5 9 7 . 0 0 9 2  42 .4236  
'HEkt APE 6 T C T A L  C R O S S - S E C T I O f l S  D E F I N I N G  E N G I N E I N O Z L L E  CUTOUT 
r*++****+**+.+~*****r  








Sample Case 5 Output (TAPE38) 





0.OI 0.0, 0.0, 
, 3 4 7 3 0 4 0 8 3 2 0 4 2 2 E  
I 
P 






'----[,I (Same as for sample case 1) 
__-- 
geometry 
Sample Case 6 Input  
COLUMN 1 2 3 4 5 6 7 8 
1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 0 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 ~ 5 9 0 1 2 3 4 5 6 ~ ~ 9 ~  
G E M P A K  SAMPLE C A S E  6 (WING ONLY - H A N U A L  I N P U T )  
2 
SWING 
I H P U T * Z r  HY11'4r NXU*9r  XY1=237.7, Z0R.-350217r THETAm30.r A L P H I * - l . r  
XROTAT*bOO.n REFLW*600., 
SEND UING ( S A M P L E  C A S E  6 1  
0. 
0. 50.5 101.  151.5 202. 252.5 303. 
353.5 404. 
10.6265 18.1963 22 .7301 24.24 22.7301 18.1963 
I P i ) . m . 5  0 .  
0. 0. 0. 0. 0. 0. 0. 
0. 0. 
55.9067 
94.4954 133.3097 172.1240 210.9383 249.7526 208.5669 327.3812 
3 6 6 . 1 9 5 5  405.0098 
0. 8.1675 13.9857 17.4704 18 .6309 17.4704 13 .9857 
h.1675 0 .  
0. 0. 0. 0. 0. 0. 0. 
0 .  0 .  .  
2 4 3 . 2 4 7 9  270.3765 2 9 7 . 5 0 5 1  324.6337 351.7623 
5.7085 9 . 7 7 5 1  1 2 . 2 1 0 6  13 .0217 12.2106 9.7751 
0. 0 .  0. 0. 0. 
167.72  
2 8 3 . 4 0 6 1  290.9290 314.3719 329.6148 3 4 5 . 2 5 7 7  360.7006 376.1435 
391.5864 4 0 7 . 0 2 9 3  
0. 3.2496 5.5644 6 .9509 7.4126 6 0 9 5 0 9  5.5644 
3.2496 
0. 0. 0. 0. 0. 0. 
0. 
GEMPAK t i t l e  card 
GEMPAK geometry op t ion  ca rd  
Namelist inpu t  f o r  wing 
Chord s t a t i o n  1 
J 
7,  x coord ina te s  at Y = o ' lvpper s u r f a c e  z coord ina te s  
} a t  Y = O  
Lower s u r f a c e  Z coord ina te s  } at  Y = o  P 'd 
M . L, 
Chord s t a t i o n  2 
Coordinates at 
Y = 55.9067 
L Chord s t a t i o n  3 
Coordinates a t  Y = 111.8133 
Chord s t a t i o n  4 
Coordinates a t  Y = 167.72 
1 
.- I .  
SkING 
CRW.404.p 8U.335.448 SUEO8.59.39, TRY.. 3 0 5 8 9  NYU.4, NXU-9, ICHRD.3, 
NPCU.98 NPCL.28 XY1.237.7, ZER=-35.2179 THETI *~O.P  ALPHA.-l.r XROTIT.600.r 
SEND kING ( S A M P L E  C A S E  7 )  
0. e 1 2 5  e 2 5  .375 .5 e625 .75  
875 1.0 
0. e0263 e0450 -05626  e 0 6  
-0263  0. 
0. 1. 
0. 0. 
, 0 5 6 2 6  .O450 
Sample Case 7 Input 
Namelist input  f o r  wing 
X coordinates  of upper 
i r f o i l i n p u  
surface" 
} s u r f a c e  









All coord ina tes  a r e  input  as a f r a c t i o n  
of chord length .  
Sample Case 8 Input 






1 2 3 4 5 6 7 ~ 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 ~ 5 6 7 ~ ~ 0 1 2 3 4 5 6 7 E 9 ~ ~ 2 3 ~ 5 6 7 E 9 0 1 2 3 4 S 6 7 @ 9 0 1 2 3 4 3 6 7 8 9 0 1 2 3 4 5 6 7 ~ 9 0  
GEMpAK title card 8 ( I r I Y C  O Y L Y  WITH D E F L E C T E D  F L A P ,  I C U N . 1 )  -- 
GEMPAK geometry option card 
Same as for  sample 1, but with X 
an elevon deflected 20' cl 
CRW.404.s 8Y.335.449 ShE08.59.39s TRY.. 3 0 5 e r  NYU.4, NXU.9, I C H P D . 2 1  
T i i R C . e O 6 r  TC@=.OSI  X M 1 . 2 3 7 . 7 0 9  Z B R . - 3 5 . 2 1 7 r  I P R N T . 3 r  
I ? l E S G E ~ O s  I R A O E ~ l r  R A O E I . 7 5 ,  X R O T A T ~ 6 0 0 . s  
I C t Y . 1 ,  XCCR..75, X C O T = . 7 5 ,  DELFU.2O.s DELFL.2O.r  I f L A P m l r  
I I ..- SEND Y I N G  ( S A f l P L E  C A S E  E )  
Sample Case 8 output 
- * 
GEHPAK - R A P I D  A I R C R A F T  GEOMETRY 6 E N E R A T Z O N  FOR E N G I N E E R I N G  D E S I S N  
CASE T I T L E  - GEHPAK S A F P L E  CASE 8 ( Y I N G  ONLY Y I T H  D E F L E C T E D  FLAPS I C O N m l I  
GEOMETRY O P T I O N S  CHOSEN 
1 2 U I N G  
. . . . . . . . . . . . . . . . . . . . . . . . . . .  
* E N T E R  U I N G E X t  
. . . . . . . . . . . . . . . . . . . . . . . . . . .  _._- . 
1 (Same as f o r  sample case 1) 
J 
BASIC GEONETRY AFTER CONTROL SURFACE G E N E R A T I O N .  THE H I N G E L I N E  I S  AT P O S I T I O N  12 I 
P T  xu YU zu P T  XL YL 2 1  
Cl iORO 1 
1 0.0000 0.0000 ,6686 1 0.0000 0.0000 06686 
2 -0492 0.0000 e9413 2 .0492 0.0000 ,4072 
3 -1902 O.JOO0 1.1896 3 -1902 0.0000 m1914 
4 -4046 0.0000 1.3509 4 e4046 0.0000 e0495 
5 ,6643 O.GOO0 1 4902 5 e6643 0.0000 0.0000 
6 51.0536 0.0000 11.5928 6 51.0536 0.0000 .oooo 
7 101.4429 0.0000 18.7396 7 101.4429 0.0000 e 0000 
8 151.8322 O.OOC0 22.9489 8 151.8322 0.0000 
i 
202.2214 0.0000 24.2313 
25te6107 0.0509 22.5902 
303.G000 0.0005 18.0212 
.0000 10.4964 






A 0  I L W u  - -3c2170 
















L E A O I N C  E D G E  F I N E  D E T A I L  HAS BEEN TAKEN F R O N  CHORD NO. 2 
X L E  Z L E U  Z L E L  
2 .00100000 .004267w e00027263 
































F L A P  G E N E R A T E D  G E O N E T R Y  
PT XU Y U  
CHORD 1 
1 540.7000 0.0000 
2 591.2000 0.0000 
3 641.7000 0.0000 
1 565.0812 55.9067 
2 603.8955 55.9067 
3 642.7098 55.9067 
1 589.4623 111.8133 
2 616-5909 111.8133. 
3 643-7195 111.8133 
1 613.8435 167.7200 
2 629.2864 167.7200 




. . . . . . . . . . . . . . . . . . . . . . . . .  
* E X 1 1  Y I N G E X I  
*****C**b**b1************ 
Z L E L  
e00215650 
-e00000 31 1 
-.00043603 

















2 0  
2 2  
24 
2 6  




























.O 2 509797 
.02715020 
a02873051 
PT XL YL Z L  




-35 2170 3 
-25.6210 1 
-29.64 10 2 
-35.2 170 3 
-29.8387 1 
-32.1043 2 
- 3  5 2 170 3 










































-3 5 2 170 
-35.2170 
- 3 5  2170 
-35 2 170 







Sample Case 8 Output (TAPE28) 
- -. Lv - . .. . -_ - 
I 
j SbINGC 
I F L A P  
IC0 ' SEND 
S F L A ?  ! xu 
I 
1 s  
2, 
(Same as f o r  sample case  1 except geometry from hinge l i n e  
t o  t r a i l i n g  edge i s  same as f l a p  below) 
1 Flap d e f i n i t i o n s  same as f o r  wing i n  sample case  1 
X L E  
L L E U  
Z L E L  
I xx1 
Xk2 1 NO 
I 1 1  
R F  L 
I F L A P  
IC0 
S F L A P  
xo 

















.25097565956559E-01~ - .21565032222301i-O2r .i9316e88637978~-01~ 

















TITLE .5720237+1C8088-145r 016810266~1617S-1130 aZ2SDII 
0662358~CI1941~E-68r -.?1738305Y47276Et~8, -44403 
.70739430816307E*28, .12218352960421E-48r m168102 
.14517629854422-260~ *4440386039373lEt86r .lb8102 
-.71738305547276€*58, -.71738305547276E+58r -a830 
.41576900652477€-10r 057202374148008-145r -e71738 
.12218352460421E-48~ .17496011823776*202r -011731 
.81910664856788+105, .10551975563184-125r -e71738 
.310C9469161343-164~ e12218352960421E-48, e168102 
.16810266Y16175-183r 091128639552892-203, -e71731 
*14517629~54422-260~ 070739430616307E*28~ - e 3 8 8 1 9  
.49400934489447-222r 07$6?5644571428€*09r -415769  
-.45030664224451+116r -.71738305547276Et58, -*717 
-.71738305547276E*58r -.71738305547276Et58, -e717 
-.71738305547276E+58r -~71738305547276Et51r -a717 
-.71738305547276t*58r -.71738305547276Et58r om717 
IJO 1 9  
~ J 1  - l r  
as f o r  wing i n  sample case  1 52  o r  
O 9  
45 o r  
J6 - o r  
* I C A N  - Or 
1 HT 8 o r  
JFLAC 2, 
NST l r  18 1, 1, 1, lr 1, lr 1, 1, 
( D e f i n i t i o n s  same as for sample case  1) I:: - or  
Or 0, 20, 30r 
SFLAP: 
XO,YO,ZO: 
Dis tance from lead ing  edge t o  hinge l i n e  
Coordinates  of f l a p  r o t a t i o n  po in t  
Dis tance  between t i p  and r o o t  chord 
hinge l i n e  p o s i t i o n s  i n  X,  Y ,  and 
Z planes  
REFERENCES 
1 .  Hea r th ,  Donald P . ;  and P r e y s s ,  A l b e r t  E . :  Flypersonic Technology - Approach 
t o  a n  Expanded Program. As t ronau t .  & Aeronau t . ,  v o l .  1 4 ,  no. 12,  
Dee. 1976, pp. 20-37. 
2 .  Weidner, J.  P . ;  Small ,  W .  .J.; and Penland,  .J. A . :  Scramjet I n t e g r a t i o n  on 
Hypersonic Research A i r p l a n e  Concepts.  A I A A  Pape r  No. 76-755, July 1376. 
3. Hypersonic Arbitrary-Body Aerodynamic Computer Program (Mark 111 Versi.on). 
Rep. DAC 61552, Vols. I and TI ( A i r  Fo rce  C o n t r a c t  Nos. F33615 67 C 1008 
anh F33615 67 C 1602) ,  McDonnelL Douglas Corp.,  Apr. 1968. 
Gen t ry ,  Arvel E. :  Volume I - User's Manual.  ( A v a i l a b l e  from DDC as  
Gentry,  Arvel  E .  ; and Smyth, Douglas N .  : 
AD 851 811.)  
and L i s t i n g s .  (Availab1.e from DDC as  AD 851 8 1 2 . )  
Volume I1 - Program Formula t ion  
4. Edwards, C. L. W . ;  Small, W .  J . ;  Waidner, J .  P . ;  and Johns ton ,  P .  J . :  
S t u d i e s  of Sc ramje t /A i r f r ame  I n t e g r a t i o n  Techniques f o r  Hypersonic1 
Aircraft. A I A A  Paper No. 75-58, J a n .  1375. 1 
5 .  Ladson, C h a r l e s  L . ;  and Brooks,  Cuyler  W . ,  J r . :  Development of a Computer 
Program To Obta in  a r d i n a t e s  f o r  NACA 6- and 6.4-Series A i r f o i l s .  NASA 
TM X-30G9, 197!i. 
6 .  Kinsey,  Don W . ;  and Bowers, Dou;las L . :  A Computerized P rocedure  To Obta in  
t h e  Coord ina te s  and S e c t i o n  C h a r a c t e r i s t i c s  o f  NACA Designed A i r f o i l s .  
AFFDLT5-71-87, U.S. A i r  Force, Nov. 1371. 
7 .  V a c h r i s ,  A l f r ed  F . ,  J r . ;  and Yaeger, L a r r y  S.: QUICK-GEOMETRY - A Rapid 
Response Method for Mathemat i ca l ly  Modeling C o n f i g u r a t i o n  Geometry. 









I DO I = 1,lO K l C O M I  
6.7.8.9.10.C 
t I 
= 1  Generate = o  
fuselage 
geometry TAPE28 and 
i 
Generate 
winc surface - 





















/ namelist FUSE \A 
Figure  1 .- Basic: log ic  flow of GEMPAK. 
(Shuttle) 
* - -  I.+-- 
I -- * 
I t _  
- - *  - - 1 ..- -. * 
t + - +  + 
( Z i p  model sailboat) 








A1x 2 + Blxy + Cly2 + D1x + E1y + F1 = 0 
1 1  e x  





Figure  4.-  Fuselage s l o p e  con t ro l  p o i n t .  
N 
w 
Y Y" Y 
t 
I ) X  
X' 
( a >  Nonorthogonal s l o p e s  and d13 I d23. ( c >  Nonorthogonal s lopes  and d23 > d13. 
t 
( b )  Orthogonal s l o p e s  and d l 3  1 d23. ( d )  Orthogonal s l o p e s  and d23 > d13. 
F igu re  5 . -  Fuse lage  c o o r d i n a t e  t r a n s f o r m a t i o n s .  
(a) Parallel slopes orthogonal to 




(b) Parallel slopes nonorthogonal and 
nonparallel to collinear end points. 
Inflection point (segment cannot be 
second degree). 
Y 
(c) Parallel slopes parallel 
to collinear end points. 
Straight-line segment. 
Figure 6.- Fuselage: parallel slopes at end points. 
(a) Propulsion system planform. 
Ae ro/propul s ion 
system surface 
(b) Projection of propulsion system 2lanform onto fuselage geometry. 
Figure 7.- Fuselage geometry subtended by propulsion forces. 
127 
Figure 3.- Planar-surface plan parameters. 
4 
Namelist  
iekl Panel sizing 
h =  i 
I b =  2 f = 3  
Detailed 
Control surface addition 





Load geometry into array 






I-iiVELG / I t  1 
- ----------- 
I ANGR -- -CRW -4 x 
I I 
Figure  3.- Planar-surface plan parameters. 
xwD1 = 1.0 
TWRD = 0.20 
TCD = 0 
Mean camber line 
XWDl = 0.999 
+ Twm = 0.20 
TCD = 0 
XWD1 = 0.65 
TWRD = 0.20 
TCD = 0 
XWDl = XI/XC 
XWD2 = X 2 / X  
TWRD = TW/XC 
TCD = TC/XC 
(a> I n p u t  parameters. 
XWDl = 0.5 
XWD2 = 0.8 
TWRD = 0.075 - .. ~-
TCD = 0.0875. 
XWDl = 0.80 
' . -xwD2 = 0.1999 
TWRD = 0.10 
TCD = 0.050 
( b ) Shape variations. 
Figure 10.- Slab-sided a i r f o i l  section. 
w 
0 
(1) No leading edge 
Reference 
' //L line 
(2) Leading edge added Mean camber r line 
R&f erence 
line 
Mean camber line 
Reference 
line 
. . .  . 
(1) Wing section prior to 
adding leading edge. 
L 
\ 
Desired leading edge 
(2) Modified section after, 
adding leading edge. ~ 
1 L Original section 
Modified section 
( a )  Leading-edge cons t ruc t ion .  (b) Large leading-edge condition. 
Figure 11  .- Leading-edge s lab- s ided  a i r f o i l .  
Z 
t TW 
Mean camber line -I 1 TC i 
I 
4- -- I . 
Thickness ratio 
Camber ratio 
TWRD = TW/XC 
TCD = TC/XC 
TWRD = 0.20 
TCD = 0 
. 
TWRD = 0.10 
- - TCD = 0.05 
. TWRD = 0.10 
TCD 0.10 
( a )  I n p u t  parameters .  ( b )  Shape v a r i a t i o n s .  
Figure 12.- Ci rcu lar -a rc  a i r f o i l  s e c t i o n .  
Z 
t 
With leading-edge radius 
Without leading-edge radius 
I 4 xc - ' T R  I I  
v Tangent point 
\ 
leading edge = 
Airfoil radius with 
\ 
(1)  Symmetrical 'section 
- <:- 
(2) Mean camber line - Airfoil radius without A- / -- \ -L leading edge = (A)(XC) 
Y (3) Resulting airfoil 
I x c  -I 
( a )  Leading-edge cons t ruc t ion .  ( b )  Cambered a i r f o i l .  
Figure 13.- Leading-edge c i r cu la r - a rc  a i r f o i l .  
Input point (typical) r 
L' Lower surface 
ZAL (4) ZAU (6) 
w 
X 
Figure 1 4 . -  Arb i t r a ry  a i r f o i l  sec t ion .  




15. - P l a n a r - s u r f a c e  manual. 
X 
i n p u t .  
( a )  Wing p r i o r  t o  f l a p  a d d i t i o n .  
/ 
Respaced span l i n e s  
XCOT= XT/ CTW 
( c )  Hinge-line i n p u t  nomenclature. 
Hinge poin t  
Sec A-A Flap s e t t i n g  See A-A Speed brake 
(b) Wing wi th  f i a p  added. 
F igu re  16.- Control-surface op t ion .  
. .  . 
(a>  D i h e d r a l  hand i n p u t .  
AWR .v --- -------  - > f /  
BW/2 
.- . L * 
(b) Root and t i p  a n g l e  i n p u t .  
; ( c )  Roll and d i h e d r a l  convent ion .  





z l  1 1 y ZBR Y YB R 
X 
( a )  Translation. 
j l  
L 
T ALPHA 






.Xi .JTAT - - -- I- 
__ f -  - 
YROTAT 
X 
( c )  ?itch. !d j  Yaw. 
Figure 19.- Planar-surface translatioq and rotation. 
x 
Planar surface 
Upper I ;I Lower 1 
section 
Chord 




Chord surface station 
X 
Figure 20.- Planar-surface geometry arrangement for MERGE. 





1 merged W it  
Do I 1.10 geometry 
TAPE38 
,&, A 
F i g u r e  21 . -  Opera t ions  performed i n  MERGE. 
Y 









I ) Y  




point on fuselage 
I /  '2 (xF,2~yP,2~zP,2)  
xR 









fuselage panels I 
l o 3  
'rs- 3 1 
3 8' 
F i g u r e  24.- MERGE: Examples of irregularly shaped fuselage panels. 
A 
t 
-c Z Z 
Fuselage 
Diagonal intersection 
+ Y  
Fuselage panel diagonals, dI3 and d24, 
do not intersect within the end points of 
d13 
b Y  
Diagonal intersection lies within end point 
l imits of both diagonals. Diagonal dI3 
either diagonal. Program assumes that 
one pair  of opposite panel sides intersecL 
within limits. Z 
d24 
* Y  
is chosen as the panel divider. 
dl 
3 
* Y  
Diagonal intersection lies within 
end point l imits of d24. Diagonal end point limits of d13. Diagonal 
d13 
Diagonal intersection lies within 
d24 is chosen as panel divider. is chosen as panel divider. 





* Y  
No intersection True intersection 
Figure 25.- Intersection "triangle check.'! 
Z 
F i g u r e  27.  - Intersection e x t r a p o l a t i o n  e s t i m a t e s .  
Chord numbering before merge 




O b -  J 
O I t  J 
title card 
t I . ?  - 
I 
~ 
' I  
i ! I  
I 
J 
Figure 29.- CEMPAK i n p u t  flow. 
148 
Repeat card type 1C until I = NXS \ 
\ 
? e T ? 
-sc z e sc * 
.. I I I I I 
Card set 1 




Figure 30.- Fuselage: card se t  1 i n p u t .  
VI 
0 
Rmeat  card tvDe 2A unit1 J = NXS < 
Card  se t  2 
Card type 2A 
F i g u r e  31.- Fuselage: card s e t  2 i n p u t .  
Card set 3 
Card type 3A 
\ 4 
F i g u r e  32.- Fuse lage :  card set 3 i n p u t .  
1, NBTWN (1) = 3 
Segment 2, NBTWN (2) = 6 
I 
Segment 3,  NBTWN (3)  = 1 
I 
Segment 4, NBTWN (4) = 6 
Segment 5, N B T W  (5)  = 4 
Segment 6, NBTWN (6) = 3 
Segment 7, NBTWN (7) = 1  
F i g u r e  33.- F u s e l a g e :  p r e s c r i b e d  uneven c r o s s - s e c t i o n  p o i n t  d i s t r i b u t i o n .  
Tick  marks i n d i c a t e  segment s u b d i v i s i o n s .  NSS must e q u a l  25;  LOFMX must 
e q u a l  8. 
152 
End points of second f degree segments 
Three -dimensional 
space curve 
XY plane projection 
(3 segments) 
Figure 34.- Fuselage: coord ina te  plane p r o j e c t i o n s  of  a three-dimensional  space curve.  
Z 
Figi l re  35.- Fuse lage :  s l o p e  c o n t r o l  o p t i o n s  f o r  l o n g i t u d i n a l  segments. 0 and 31 deno te  s l o p e  c o n t r o l  p o i n t s .  
Card set 4 
4B 
1 




a lofting or 
slope control 
line. 
Card type 4A 
Figure 36.- Fuselage: card s e t  4 i n p u t .  
7 
/ 
F i g u r e  37 . -  Fuselage: card s e t  5 i n p u t .  
/ 
7 
Repeat ca rd  type 6A until I = LOFMX 
1 1 1 1 1 1 I  1 1 1 1 1 I I  1 1  
1 11 21 31 41 5 1  61 71 . 
Card  set 6 
Card  type 6A y 
(Last card) 
Type 6A 
Figure 38.- F u s e l a g e :  card set  6 i n p u t .  
Card  set 7 
data set until 
Card set 8 
Card type 8A 





1 -  ,-, SWEOB 
i 
ANGR,  ANGT chord 
P------ 
4 - 2  I I 
- 1 -  
TWISTX * 
Wl, YBR, ZRR 
YROTAT, ZROTAT 
a XCOR'PHX IFLAP XCOT I 
DEL&, DEL- 
ITEETH Ld 




Overlay (GEM, 1,l) 
G4)4)DY 












- O v e r l a y  (GEM, 2 , l )  
INITL 
DFALT t PRNTIN 
- O v e r l a y  (GEM, 2 , 2 )  t F0FX 
ATAK 
WINGF 
O v e r l a y  (GEM, 3 , l )  
RTAP28 
O v e r l a y  (GEM,3,2) 
R E "  
O v e r l a y  (GEM, 3,3) 
REVERS 
- O v e r l a y  (GEM,3,4) 
PTINT 
CR0SS 
RAY0RD E N@MAL T R I  CHK 
Overlay (GEM, 3,s) 
O v e r l a y  (GEM, 3 ,6)  
ADCHRD 
N@INT t 
Figure  42.-  GEMPAK program s t r u c t u r e .  
161 
50 I 







--j< - --- - - - - - - - - - - - - -  
-- 
0 <- - 
" - - +- -- - - - -- - - - - - - -+ 
0 
0 Lofting lines 




- 50 1 / / ~- / 
F i g u r e  43.- Sample 1 :  f u s e l a g e  i n p u t  l a y o u t .  Numbers i n d i c a t e  o r d e r  o f  l o f t i n g  and s l o p e  c o n t r o l  
l i n e s .  S o l i d  l i n e s  are l o f t i n g  l i n e s  and dashed l i n e s  are s l o p e  c o n t r o l  l i n e s .  
Figure 44 . -  Computer drawing of f i n a l  generated geometry fo r  sample case 1 .  
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